Ze 


Ngee ae PINE Gp 
ELLE 
ME EEE. 
“7 Se: 


o 
ihe 





92501971359 





il 
oe Re on ncmE 


Digitized by the Internet Archive. 
in 2021 with funding from 
Wellcome Library — 


https://archive.org/details/s4645id1397413 





. 


PUBLIC HEALTH. 





REPORTS 


OF 


THE MEDICAL OFFICER OF THE PRIVY COUNCLL 
AND LOCAL GOVERNMENT BOARD. 





New Serres, No. III. 











\\Report to THE Lorps OF THE COUNCIL ON SCIENTIFIC 
\\ INVESTIGATIONS, MADE UNDER THEIR DIRECTION, IN 
ATp..OF PATHOLOGY AND MEDICINE, 








‘Presenter ta bath Houses of Parliament by Commant af Her fHajesty. 














LONDON: 


PRINTED BY GEORGE E. EYRE AND WILLIAM SPOTTISWOODE, 
PRINTERS TO THE QUEEN’S MOST EXCELLENT MAJESTY. 
FOR HER MAJESTY’S STATIONERY OFFICE. 


1874, 
[| C.—1068.] Price 1s. 4d. 


> 116326 


CONTENTS. 


Page 
Mepican Orricer’s REPORT 


APPENDIX: 


No. 1. Dr. Sanderson’s Further Report on the Intimate 
Pathology of Contagion - - - - Il 


No. 2. Dr. Klein’s Research into the Contagium of Variola 
Ovina - - - - - 49 


No. 3. Dr. Klein’s Research into the Lymphatic System 
and its relation to ‘Tubercle - - - - 61 


No. 4. Dr. Creighton’s Anatomical Research towards the 
AKitiology of Cancer - - - = - 95 


No. 5. Dr. Thudichum’s Research into the Chemical Con- 
stitution of the Brain - 


: : L - 113 





RET PC TT RENTER LTT I ES TINS 










mp 5 ag ge 

be. arent § PP OVA EE Th ton TI | } rE 
WELLGQOK Ho UNO TTLU TE | 

ey if 
LIBRARY t 
os Shansimeaemntne ee aM 
a ae ; 
TAs } A’ trans Pl 
WEINKIMeC  § 
as sonra RRMA ERIS TIRSTSA ATO 
pace AACR SE — ee Biase i 
ele ! 
Lf ] 
a REET EET ott | 
eae KSI TUITE at 
$ f 
Aj ) 
é 
x 

Pee iil ne DRE | 
A 
i 
¥ 
a | 


RSS 


. sree ne | 
j aA CHEN IE SS ERI INEIN _ 


ad 
ATR Rane opt eniew Sont) Sead Dal et RC 


MEDICAL OFFICER'S REPORT. 
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To the Lorps of Her Masesty’s Most Honorasie Privy 
CoUNCIL. 
My Lorps, 

i In continuation of former reports, referring to Scientific 
Investigations made under your Lordships in this Department, I 
have now the honor of laying before your Lordships the subjoined 
five papers, and would beg leave to prefix to them a few intro- 
ductory words, first, with regard to the branch of work to which 
the papers belong, and then with regard to the papers respectively. 


The purpose of the Scientific Investigations which are made in 
this Department is to contribute in a particular way to the pro- 
gress of the Art of Medicine. 

The sorts of study by which the Medical Profession hopes to 
extend its means of usefulness to mankind, whether as regards the 
cure of individual cases of disease, or as regards those large acts 
of preventive medicine which are of interest to masses of popula- 
tion, may broadly be distinguished as two. On the one hand, 
there are studies which every member of the Medical Profession 
(more or less according to his circumstances) has both opportunity 
and inducement to cultivate at least for his own use, and generally 
for that of others, by intelligent observation and record of the facts 
which come before him in his daily practical work, and by scientific 
generalisations from such experience; and I need hardly observe 
that, from studies of that sort, which are a life-long happiness 
to innumerable medical practitioners, the aggregate efficiency 
of the Profession is always in course of increase. On the other 
hand there are extremely important studies, for which the ordinary 
professional practice supplies neither opportunity nor immediate 
stimulus; studies, namely, of elaborate and purely scientific 
research in aid of the development of medical knowledge ; studies 
never immediately convertible to pecuniary profit, but perhaps, on 
the contrary, involving heavy cost; studies, too, which from their 
nature cannot promise rapid results, nor be conducted in frag- 
ments of leisure, but require systematic and continuous labor 
extending over lone periods of time. 

It cannot be expected that studies of this latter sort, even where 
of the highest eventual importance, should generally be cultivated 
to any adequate extent ‘by private medical investigators ; and 
the distinctive intention of the Scientific Investigations which 
are conducted under your Lordships’ auspices has been to supple- 
ment in that direction the ordinary resources of private medical 
observation. It is of the essence of the case that the work does 
not pretend to immediate popular application, but addresses itself 
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jeer primarily to the deeper scientific requirements of the Medical 

Report. = Profession, and is therefore in an extreme degree technical. It is 
also of the essence of the case that, in common with everything 
which is tentative, the work may sometimes have its turn of — 
temporary unsuccess and disappointment; and that therefore its 
results (as indeed the results of every scrupulous scientific investi- 
gation) are less suited to be measured from year to year than in 
terms of several years taken together. 


The work which is at present in progress is an exceedingly large 
and various study, having many divisions and subdivisions of its 
own, and sometimes (as will be seen) involving collateral inquiry, 
but nevertheless, in its intention, quite definite and single. It aims 
to be a systematic study of the intimate pathology of the Morbid 
Infections, acute and chronic. i 

Such study in regard of any one infection has of course several 
lines of investigation: for, on the one hand, the infective agent 
has to be identified; and, on the other hand, the successive changes 
which it effects in the living body have, from beginning to end, to he 
made intelligible. ‘Then, scientifically speaking, no morbid change 
in the body can be stated in intelligible terms except with exact com- 
parative reference to health as a standard; and in the present case the 
things and processes as to which the questions of comparison arise, 
and which belong to the subtlest subject-matters of physiological 
research, are hitherto, in a large part of the field, but very imper- 
fectly known as to their normal standards: so that, to this large 
extent, an indispensable preliminary to progress in the pathological 
study is at least to verify and complete the required physiological 
standards of comparison, and in not a few cases to Invent new 


methods of procedure by which observations so subtle may be 
conducted. 


Without pretending to prejudge exactly what may be the even- 
tual application of each addition made to scientific knowledge, I may 
observe in general terms that some physiological and pathological 
work seems rather to connect itself with the hopes of Preventive, 
other rather with the hopes of Curative, Medicine. Every process of 
disease admits of being contemplated and investigated from either 
of two opposite points of view: either, namely, from the side of 
the morbific cause, and with particular reference to the iitiatory 
acts of disease; or from the side of the final morbid effect, and 
with particular reference to the modes of operation by which 
disease tends to destroy life. Researches in the former sense may 
peculiarly be expected to increase our powers of preventing 
disease, and researches in the latter sense to suggest umprovements 

in therapeutical practice. 


It is chiefly from the former of those points of view that Professor 
Sanderson has for some years been working under your Lord- 
ships in one large part of the Scientific Investigations ; in which 
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division of the field he has of late been very ably seconded by 
Assistant-Professor Dr. Klein, and on the present occasion also 
presents a contribution of much interest by Dr. Creighton. 

Of the annexed papers the first two, respectively by Dr. San- 
derson and Dr. Klein, relate to the intimate etiology of the acute 
infective diseases. Ten years ago we had not even a beginning of 
any true insight into the respective Contagia which excite those 
diseases; and considering the large and lasting interest which 
exact studies in this field of scientific research must have for the 
human race, | think the fact noteworthy that the first of such 
studies were instituted, and the first steps of discovery made, with 
reference to a contagious fever of horned cattle. I refer, namely, 
to the researches which were made under Her Majesty’s Govern- 
ment in 1865 in aid of the then Cattle Plague Commission: when 
Dr. Beale, working at the microscopy of the disease, drew atten- 
tion to the swarms of extremely minute particles which he found 
universally present in the textures and juices of the animals, and 
which he believed to be the contagium of the disease; and when 
Dr. Sanderson, working at the matter from a different point of 
view, succeeded in showing experimentally that the true contagium 
admits of being physically distinguished in the animal juices which 
contain it, and of being so separated from them as to leave them 
without infective power. In the next succeeding years, the 
writings (to which I have on former occasions adverted) of Dr. 
Hallier, Professor ef Botany in Jena, brought under animated 
discussion, as a branch of micro-phytology, the nature and mode of 
origin of contagium-particles in a great variety of diseases, human 
and brute: new experimental knowledge of several contagia was set 
forth in the writings (to which also I have before referred) of 
Professor Chauveau, of the Veterinary School of Lyons; and in 
1870 I had the honor of presenting Dr. Sanderson’s first report of 
researches made in the matter under your Lordships’ direction. 
At that time, general conclusions already seemed justified ; first, 
that the characteristic shaped elements, which the microscope had 
shown abounding in various infective products, are self-multiplying 
organic forms, not congeneric with the animal body in which they 
are found, but apparently of the lowest vegetable kind ; and, 
secondly, that such liyig organisms are probably the essence, or 
an inseparable part of the essence, of all the contagia of disease. 
The study of morbid contagion was thus brought into seeming 
affinity with that which had for some years before been made 
by Professor Schréder and M. Pasteur in the ordinary processes 
of fermentation and putrefaction; and there began to become 
faintly visible to us a vast destructive laboratory of Nature, 
wherein the diseases which are most fatal to animal life, and 
the changes to which dead organic matter is passively liable, 
appear bound together by what must at least be called a very close 
analogy of causation. ‘This view of the matter has since then 
become greatly more distinct in consequence of investigations made 
under your Lordships by Dr. Sanderson, particularly m 1871 and. 
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1872, with reference to the common septic contagium or ferment ;* 
for in that ferment, particulate as above described, there seems 
now to be identified a force which, acting disintegratively upon 
organic matter alike whether dead or living, can on the one hand 
initiate putrefaction of what is dead, and on the other hand initiate 
febrile and inflammatory processes in what is living. 

Continuation of this line of study in regard of acute infections 
of the living body is represented in the first two of the appended 
papers. 


In the first paper Dr. Sanderson brings down to the present 
time an account of the Microphytes of Contagion ; setting forth 
more particularly such positive knowledge as has yet been obtained 
with regard to the respective contagia and respective morbid 
processes of diphtheria, erysipelas, relapsing fever, and (though 
but rarely a human disease) the splenic fever or “ milz-brand ” 
of veterinary practice. | 


The second paper represents a contribution to the growing 
modern doctrine of contagion, in an exposition by Dr. Klein of 
the intimate nature of the local changes which characterise the 
acute zymotic disease known as Variola Ovina or Sheep-Pox. 
Dr. Klein has been able to identify the contagium-particles of 
that infectious fever as definite microphytes, growing and fructi- 
fying with vast rapidity in the canals and tissues of the infected 
skin: the woodcuts of his annexed paper show the process to have 
been observed by him with a completeness not yet, I believe, 
attained in regard of any other such case: and these results of 
his, while they complete as regards the special disease in question 
the broad pathological outline .which previous inductions had 
rendered probable, must also, I think, be regarded as tending very 
importantly to confirm, while they illustrate, the general doctrine 
of the vitality of contagia, 


The third of the annexed papers, also by Dr. Klein, and founded 
on work of his which has been in progress for more than two 
years, continues a line of research already much worked by 
Dr. Sanderson, with regard to the most important of all chronic 
infective processes: that, namely, which is at the root of the 
so-called Zubercular Diseases of the animal body, and which has 
its highest practical interest in relation to the pulmonary phthisis 
of the human subject. In my Report of 1868, I had to mention 
to your Lordships an infinitely interesting light of new knowledge 
with regard to tubercular disease, in the discovery which 
M. Villemin had recently made, and which other observers had 
immediately confirmed, of its being inoculable from subject to 
subject. During the years which have since passed, further and 
very striking illustration of the communicability of tubercle has 


* For convenience, in speaking of this morbific influence, I use the singular num- 
ber, but have no intention of implying that ordinary putrefactive changes have only 
one ferment which can be considered habitual to them, 


“ 


been given by the results of experimental feeding with the milk 
of living tubercular animals, or with bits of diseased texture from 
such animals when dead; it having been found that in the 
subjects of such experiments the contagium penetrates by the 
absorbent organs of the alimentary canal, and so diffuses from 
them its influence to other organs of the body as to produce 
general tubercular disease.* With my Reports of 1868 and_ 1869 
I submitted to your Lordships important papers by Dr. Sanderson 
on the studies which had then been made of tubercle in its 
infective relations; and the paper by Dr. Klein which 1 now 
submit gives a second series of results in the same subject-matter. 
It has from the first been a necessary part of the researches into 
the processes of tubercular infection in the animal body, that very 
exact study should be made of the intimate anatomical conditions 
which determine the sequence of its phenomena and make 
different organs differently susceptible of it. In the earhier 
researches Dr, Sanderson found himself obliged for this reason to 
make much anatomical study of the lymphatic glands; and in the 
later researches it was an indispensable first need that the know- 
ledge of the lymphatic system should be completed by an ex- 
haustive investigation of the radicles and gland-rudiments of that 
system in at least the serous membranes and the lungs. Dr. Klein’s 
fulfilment of that large preliminary task has added very valuably 
to previous knowledge of the normal anatomy ; but in the accom- 
panying paper, which essentially relates to the course of tubercular 
infection in the organs referred to, these results of his two years’ 
work are only given with such amount of detail as may make the 
morbid anatomy quite intelligible.t 


The broad results of modern discovery in regard of ordinary 
tubercular disease tend to represent it as a chronic locally- 
originated zymotic process, which, starting under certain conditions 
in one first spot of the (predisposed) animal body, advances 
by successive steps in definite anatomical lines to infect the 
entire system: a process, which by means of its characteristic 
products is inoculable from part to part, and from subject to 
subject; but of which in certain other cases the locally origi- 
nating cause or contagium appears to be the common septic 
ferment, or a ferment not yet separable from the septic.t This 








* In this connexion it deserves notice that within the last few weeks Dr. Hermann 
Weber has brought before the Clinical Society some facts of a strikingly suggestive 
kind as to the possibility of tubercular infection being freely communicated to women 
through their conjugal relations with men who have pulmonary phthisis in a quiescent 
or very chronic state. 

+ I may note that these studies of Dr. Klein’s, and also that relating to Sheep- 
Pox, were completed at a time when my former series of reports had come to an end 
and the plan of the present series was not yet settled; and that, as it was desirable 
not to delay scientific publication of the results, the papers were, with their Lordships 
sanction, communicated at once to the Royal Society. 

t That the acute tuberculisation of organs is preceded by an infection of the 
blood is made in the highest degree probable by a consideration of the circumstances 
of cases: but, as to the source from which this infection would first have come, 
evidence enough for judgment is not yet given, 
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being the tendency of recent knowledge in regard of tubercle, 
evidently there must arise from it very important suggestions 
(on which I need not here dwell) both as to further like studies 
of the same disease, and as to tentative applications of the know- 
ledge in the province of preventive medicine ; and suggestion also _ 
arises with regard to a collateral interest scarcely less important 
than that of tubercle. 


In view, namely, of these results of the modern investigation of 
tubercle, question naturally arises whether analogous investigation of 
Cancer might not be equally successful. The analogy between the 
two sorts of disease must of course not be overstrained, nor be con- 
strued into any prejudgment of facts; but subject to this condition 
it will, I think, be generally admitted that cancer and tubercle are 
morbid processes so nearly parallel as probably to throw light on 
one another, and that methods of investigation which have led to 
an immensely improved knowledge of the one disease can hardly not 
lead to instructive results concerning the other. Careful conside- 


ration has therefore been given to the possibility of investigating 


more exactly than hitherto the chronic self-propagative process 
which is at the root of the diseases called cancerous; and a first 
preparatory step under your Lordships for the purpose of such an 
investigation is represented in the fourth of the annexed. papers. 
In it, namely, is the statement of an interesting study which Dr. 
Creighton has made, and of which the results are there given, 
with regard to the earlier signs of cancerous infection in the 
ultimate anatomical elements of the secondarily infected organs. 


The fifth of the annexed papers belongs to another sphere of 
study than the four preceding. It contains, so far as yet ripe for 
publication, the results of a very important and very laborious 
research, on which Dr. Thudichum has been engaged for more - 
than two years, in introduction to the Chemical Pathology of the 
Nervous System. During the years 1870-2, Dr. Thudichum, in 
accordance with the general scheme of work which I explained in 
my 12th Report, had been investigating the chemistry of typhus ; 
but after following as far as then seemed possible the chemical 
phenomena of that disease, had found that the results of his work 
could not properly be deemed more than provisional, and that, 
under the circumstances as they then stood, direct attainment of 


_ final results could not be expected. The difficulty was of a 


sort to which I have already adverted: it consisted in the 
want of normal chemical standards by which to measure the 
morbid declensions in typhus. Especially a leading fact in 
typhus, one which may be in intimate relation to the killing- 


‘power of the disease, and which it is on all accounts necessary 


to have as completely as possible understood, is the fact of the 
action on the nervous system; and clearly no true chemical 
knowledge of that morbid action would be possible, till greatly 
improved knowledge of the normal brain-chemistry should be 
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supplied. Accordingly this task was taken in hand; and of 
course not with exclusive reference to the one disease which 
gave immediate occasion to it, but in the hope of eventually 
obtaining results which should be applicable to all cerebral 
pathology. I need hardly observe that a research of such 
interest—an endeavour so to unfold the very complex chemistry 
of the normal brain as to make the abnormal processes chemically 
intelligible, must, as regards the interest and importance of 
its object, rank highly among the exact studies by which 
physiology hopes to give light to Medicine; but 1 would parti- 
cularly note that while certainly it is among the most interesting 
and important of such endeavours, so it certainly must be counted 
among the most difficult; and I therefore refer with particular 
satisfaction to the very remarkable evidences of success which 
Dr. Thudichum is already able to show. 


In addition to bringing before your Lordships the accompany- 
ing complete papers, [ am able to state that much other and 
equally important work is at present in progress. Especially I 
may mention that Dr. Sanderson, who for the last three years 
has been continuously engaged in studies of the infective processes 
of common fever and common inflammation, will, I believe, early 
next year have an instalment of valuable results ready for publi- 
cation with regard to these investigations™ ; and that Dr. Klein, who 
has recently been investigating the minute anatomy of enteric 
fever, and seems already to have succeeded in identifying for the 
first time the contagium-particles of that extremely important 
disease, will also, I believe, early next year have his results in 
this matter sufficiently elaborated for publication. 


In closing my present Report, and with the interest which 
I must of course feel in whatever tends to strengthen the 
scientific resources of the Medical Professioa, I would beg 
leave respectfully to congratulate your Lordships on the pro- 
egress of this work which is advancing under your authority, and 
to express the gratification with which from time to time I 
find myself privileged to bring its results before you. Equally to 
your Lordships who have instituted the work, and to the men 
of science who under your Lordships are instrumental im con- 
ducting it, the reflection must, I think, be satisfactory, that, so 
far as the Investigations fulfil their primary aim of giving aid and 





* Here I may note that two years ago, in the interval between my two series of 
reports, Dr. Sanderson reported to me some first results which he had then obtained 
in regard of the infective products of inflammation; and that with their Lordships’ 
sanction (in order not to delay scientific publication of those results) his paper 
was communicated to the Royal Medical and Chirurgical Society; who published it 
in the 56th volume of their Transactions. At Dr. Sanderson’s suggestion I do not 
now annex that paper in its original form, but leave its matter to be incorporated by 
him in a future more comprehensive report. 
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Meprcan stimulus to the growth of Medical Science in this one country, their 
Report. successis contributory to knowledges which are of universal human 
pi concern, and which it has therefore ever been the aspiration and 
the pride of each civilized people to augment for the common good 

of mankind. 


I have the honor to be, 
My Lords, 
Your obedient servant, 
JOHN SIMON. 
Medical Department ; 
July 30th, 1874. 
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No. 1.—ReEport on Recent ResearRcues on the PatuoioGy of the 
InrectiveE Processes, by J. BuRDON SANDERSON. 


Since the publication of my former contribution on this subject,* it 
has engaged a very large share of the attention of scientific pathologists 
in all parts of the world. As some of the many investigations which 
have been made have led to results of great importance, I propose 
to give an account of them. Before doing so, however, it is probably 
desirable to recapitulate very shortly the conclusions formerly arrived at. 

The paper to which I have referred was divided into two parts; in the 
first an attempt was made to support the position which had then been 
recently advanced by my friend Professor Chauveau, that in all diseases 
communicable from person to person, whether by direct or indirect 
contagion, the infecting agent or contagium consists of particles of ex- 
treme minuteness, with respect to which it can be asserted that the 
material of which they are composed is not soluble in animal liquids, 
that it is mot volatile at ordinary temperatures, and that it possesses a 
specific gravity very slightly different from that of the liquid in which 
the particles are suspended. 

This conclusion, which was expressed in the sentence, ‘‘ All contagia 
are probably particulate,” has now, either in the same terms, or in 
others equivalent, been very generally accepted by pathologists. It 
was not understood to carry with it any meaning beyond that which is 
conveyed by the words as interpreted in their strictest sense, and left the 
question of the form of the hypothetical particles, as well as that of their 
origin and destiny, entirely open for future investigation. In support 
of it I set forth the results of Chauveau’s now well-known experiments 
relating to the contagious products of sheep-pox, glanders, variola, 
and vaccine, many of which I had shortly before had the opportunity 
of witnessing at Lyons. Those of them which related to vaccine I 
repeated, modifying them in such a way as to give them the utmost 
obtainable exactness. 

In the second part of the same paper I pursued the subject in an 
entirely different direction. Starting from the proposition already re- 
ferred to, that in all probability contagia are particulate, and that the 
particles are possessed of the properties I had assigned to them, I en- 


App. No. 1. 


On Pathology of 
the Infective 
Processes, by 
Dr. Burdon 
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deavoured to show that this assumption, when applied to the so-called — 


specific diseases, almost necessarily carried with it the admission of the 
doctrine of contagium vivum, the facts relating to the propagation of 
contagious diseases through the atmosphere being of such a nature, that 
supposing such propagation to consist in the conveyance from the 
diseased to the healthy body of the infective particles, those particles 
must enjoy endowments not known to exist otherwise than in association 
with life and organisation. 

In connexion with this subject I gave an account of the then recently 
published researches of Professor Hallier, of Jena, researches under- 
taken in the hope of demonstrating the identity between the specificity 
of disease and that of organic forms. As it would have been impossible 
to have examined into the whole mass of investigations undertaken in 
this field by that indefatigable mycologist, I confined myself to a careful 





* “On the Intimate Pathology of Contagion. Thirteenth Report of the Medical 
Officer of the Privy Council.” 
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analysis of the experimental demonstration he professed to give with 
respect to two important contagia (viz., those of cholera and sheep- 
pox), of the existence of a definite and constant relation between the 
human or animal disease on the one hand, and a corresponding parasitic 
disease of plants used as food on the other. As regards the connexion of 
cholera with the parasitic disease of the rice plant, supposed by Hallier to 
be prevalent in the rice-growing districts of Bengal, [ showed that there 
was not even prima facie evidence in support of the author’s theory. I 
also showed that his supposition as to the dependence of sheep-pox on a 
specific disease of the grass on which the affected animals are pastured, 
had no foundation. 

The following papers; in which I propose to give an account of the 
present state of our knowledge as to the pathology of the infective 
processes in erysipelas, splenic fever, diphtheria, and relapsing fever, are 
intended to form a sequel to my former Report. 

There are two relations in which the life of the lowest plants may be 
supposed to stand to the processes of disease; the one is a relation 
between specific diseases and specific organic vegetable forms; the other 
between what may be called the common processes of disease and those 
elementary organisms often spoken of as bacteria, which spring up and 
thrive as if spontaneously, wherever moisture and nitrogen in an 
available state of combination are present. 

These two relations are entirely distinct from each other. ‘They 
involve different questicns and require different modes of investigation. 
I therefore propose to divide the account to be given in the following 
pages of some of the most important recent researches relating to the 
vegetative phenomena of disease, into two parts; the first relating to 
those diseased processes, mostly of inflammatory origin, in which the 


ordinary microphytes, associated with the septic transformation of 


nitrogenous matter, appear to play an important part; the second re- 
lating to one or two instances in which the search for botanical charac- 
teristics appears to have been successful, the specificity of the disease 
being represented by a vegetation of recognisable peculiarities of form 
and development. 


Part I. 


The air we breathe with its particles of dust, and the water we drink, 
whether in the ordinary sense pure or impure, contain organisms of 
extreme minuteness and simplicity of form, which are now commonly 
spoken of as bacteria. or these organisms, or rather for the group 
of organic forms which they represent, I proposed in my former paper 
the term ‘‘ microzymes,” the only name by which they were then and 
are still known to naturalists (Schizomycetes), being too long for common 
use. Of the legion of observers who have contributed to the literature 
of the subject during the last few years, most have used Hallier’s word 
micrococcus. ‘The surgical pathologists, on the other hand, have devised 
words for themselves. Klebs; in his book on gtinshot wounds, intro- 
duced the term microsporon septicum.* Hueter in his studies on sur- 
gical fever and other secondary traumatic affections has used the word 
“monads ;”’f and lastly Billroth has entitled the massive folio which he 
has lately published on the same subject, Coccobacteria septica.t 





* Klebs, Beitrage zur pathologisehen Anatomie der Schusswunden, 4to., pp. 138, 


_- Leipzig, 1872. 


+ Hueter, Ueber die chirurgische Behandlung der Wundfieber bei Schusswunden., 
Volkmann’s klinische Vortriige, No. 22, Leipzig, 1871.—Zur Aetiologie und Thera- 
pie der metastasirenden Pyaemien. Deutsche Zeitschr. f Chirurgie, 1872, p. 91. 

{ Billroth, Untersuchungen tiber die Vegetationsformen von Coccobacteria septica, 
fol., pp. 244. Berlin, 1874. 
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In the existing confusion of terms, it is probably best to continue to 
employ those words which express most simply the forms of the things 
referred to. Micrococci it is convenient to call either by that name or 
simply spheroids ; the words dumb-bell, chain, and colony or zoogleea, 
may also I think be advantageously retained as preferable to the terms 
Diplobacteria, Streptobacteria, and Gliabacteria, which Billroth pro- 
poses to substitute for them. In addition to these, the word mycosis 
may be conveniently used to indicate the infiltration of a living tissue 
with micrococci. . 

The two diseases of which the names stand at the head of the follow- 
ing sections have been placed together because in each of them the 
local pathological changes are associated with the development of 
ordinary micrococci in the affected parts, z.e,, with mycosis. Both of 
them present more or less of the characters of specific contagious 
diseases ; but of neither can it be shown that its specificity (admitting 
that it is specific) is related to that of the form of vegetation with 
which the diseased tissues are infested. 


DIPHTHERIA, 


The term diphtheria, like a great many other names of diseases, is used 
in two senses. By pathological writers, and especially by surgical patho- 
logists, it is constantly applied to a particular mode of ulceration in 
which the gradual necrosis of the affected tissue proceeds in such a way 
as to lead to the formation of a membranous slough. 

By nosologists, on the other hand, it is used in its original sense, as 
the name of a specific contagious sore throat, distinguished from scar- 
latina by the absence of the eruption, and by its habitual tendency to 
result in laryngeal croup. It is in the latter sense only that the word 
can be correctly employed. As, however, the correspondence between 
the so-called traumatic diphtheritis and the pathological process of 
which the fauces are the seat in contagious sore throat, is more than 
merely apparent, it is important to take some account of what has been 
ascertained as to the nature of the surgical affection. 

The writers who have principally discussed the relation betweer 
surgical diphtheritis and mycosis are Hueter and Billroth. Billroth 
defines traumatic diphtheritis as fibrinous infiltration,” 2.e., a spreading 
inflammation of the skin chiefly characterised by the induration of the 
infiltrated part, the stiffness being due to the coagulability of the 
infiltrating liquid. This he calls Diphtheritis, even when the indura- 
tion eventually results in the formation of pus or in the gradual res- 
toration of the part to its natural state ; in this way he is led to include 
in his definition cases of erysipelas in which there is much induration 
or stiffening of the inflamed area. Ulceration or loss of substance is 
not regarded by Billroth as essential, for although he includes those 
processes of progressive necrosis beginning from a wound, of which 
hospital gangrene is the type, under the term diptheritis, he admits their 
title to be so called, not on the ground of their being ulcerative, but on 
account of the fibrinous character of the infiltration. As regards all 
these processes he maintains that the filling of the interstices of the 
tissue with coagulum always precedes the phagedznic ulceration. 
Hueter agrees with Billroth in regarding surgical diphtheritis as a non- 
suppurative acute inflammatory infiltration of the integument spreading 
from a wound, but would confine the word strictly to processes result- 








* Billroth, loc, cit. p. 179. 
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ing in ulceration or destruction of tissue,* while Billroth would extend 
its meaning to all acute fibrinous infiltrations, and consequently to many 
cases of erysipelas. 

It is scarcely necessary to state that neither of these definitions 
identify surgical diphtheria with contagious sore throat ; but as regards 
the relation between the morbid process and the mycosis, the two 
affections are, as we shall see, remarkably comparable with each other. 
In both we have to do with a spreading necrosis of a previously infil- 
trated part, in both the lymphatic system is invaded by micrococci ; 
and the question to be solved is whether the previous infiltration is 
determined by their presence. As regards surgical diptheritis, we have 
simply a conflict of observation : both parties admit that the interstitial 
impletion of the tissue with a granular material is the very first change 
which occurs, Billroth (grounding his statement, so far as I can make 
out, on the microscopical examination of a single case of hospital 
gangrene) holds that the granular material is simply fibrin. Hueter, 
on the other hand, states that the granules are micrococci, and that the 
process consists primarily in an invasion of the tissue by these or- 
ganisms. In support of this he records cases of diphtheritic ulceration 
in which he investigated the condition of the tissues of the skin at the 
advancing edge of the infiltration, and consequently at the earliest stage 
of the process, and found that micrococei could be detected in parts 
where as yet no structural changes and no other formed elements could 
be recognised. ‘The question is one of difficulty, not merely because 
the investigation is of such a nature as to demand the greatest anatomi- 
cal skill, but because cases affording the required material are fortunately 
of rare occurrence. 

I now proceed to the consideration of diphtheria as understood by the 
nosologist. For information as to the etiology, symptoms, and pathology 
of the disease, I cannot refer to any better source than the papers pub- 
lished in 1860 in the Second Report of the Medical Officer of the 
Privy Council. ‘The question with which we have to occupy ourselves 
is that of the nature of the granular infiltration of the mucosa and of 
the tissues immediately subjacent to it, which has been long recognised 
as the necessary precursor of the loss of substance, both in’ the fauces 
and in the larynx. In order to place the reader in a position to judge 
of this question, I will endeavour to give as clear a summary as I can 
of what is now known as to the local process. 

In its beginning the process cannot be distinguished from a common 
catarrh. A contagious sore throat, like an ordinary angina, takes its 
start somewhere in that region which from its lying between the nares 
and larynx, may be regarded as belonging alike to the respiratory and 
alimentary tract, and consists in redness of the uvula, arches, and tonsils, 
attended with a greater or less degree of pain or discomfort. 

The next change has its seat in the epithelium of the same parts ; 
small greyish white spots appear here and there on the surface of the 
deeply congested. membrane, and are mostly of round or oval contour. 
This appearance is due to a change in the epithelium to an extent cor- 
responding to the area of each spot or patch. ‘The more superficial 
layers of that structure are thickened and loosened by being soaked 
with exudation, to such a degree that the slightest touch is sufficient to 
detach them. After the detachment of the patch, a surface is left 
behind which scarcely differs from that which surrounds it, for the deep 
layer of the epithelium still remains. If the soft white membrane is 





* Fucter, Pilzsporen in den Geweben und im Blut bei Gangraena diphtheritica.—. 
Ueber Diphtheritis. Centralblatt f. d. med. Wissenchaften, 1868 pp. 177 & 531 
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examined microscopically, it is seen that it consists entirely of strata of 
epithelial scales, which, excepting that they are loosened, and are more 
or less beset with fine granular matter, present normal characters. So far 
we have nothing before us which can be said to be distinctive of specific 
angina, for although it is certainly not usual to see the detachment of 
the epithelium in continuous patches in other forms of sore throat, yet 
there is no doubt that it may and does occur to a certain extent fre- 
quently, and in so far as this happens there is nothing to distinguish 
them from diphtheria. | 

The more important changes which follow, have their seat not in the 
epithelium, but inthe immediately subjacent layers of the mucosa, The 
peeling of the superficial strata of the epithelium having extended over 
the whole or a great part of the fauces, and the deep layers being thus 
denuded, new membranous concretions or sloughs, as they are often 
called, take the place of those which have been detached. These differ 
both in appearance and consistence from their predecessors. They 
possess a brownish or dirty grey colour, and are usually firmer and 
more resistant. On attempting to remove them, it is found that the 
purpose can only be accomplished at the expense of the tissue of the 
mucosa; a raw and bleeding surface is left, which is obviously not 
epithelial. | 

Before proceeding to state what has been ascertained as to the nature 
of some of the finer anatomical changes which give rise to these appear- 
ances, it may perhaps be useful to refer very shortly to the normal 
structure of the mucous membrane of the pharynx in those parts which 
are the favourite seats of the diphtheritic process. In a vertical section 
of the mucous membrane of the velum or arches of the palate, it is seen 
that the deep layer of the epithelium (the rete Malpighit) is limited 
towards the mucosa by a well-defined line, the position of which cor- 
responds to that of the basement membrane of the older anatomists. 
Underneath this comes a narrow band of apparently homogeneous tissue 
often called the membrana propria. Where the mucosa is papillated, 
this band limits the outlines of the papilla ; but in the parts in ques- 
tion the papille are, at all events in young persons, very little 
developed. The layer which immediately underlies the propria is seen 
in section as a very close meshwork of transparent fasciculi, the 
interspaces of which present various appearances according as they 
correspond to capillary. blood vessels or lymphatic interfascicular 
channels. Of these the former belong to the extremely abundant 
vascular network which in injected preparations is seen to lie imme- 
diately underneath the rete Malpighii, its loops reaching to the very 
surface of the membrana propria, and following all its papillary pro- 
jections. The interfascicular channels of the mucosa communicate first 
with the superficial plexus of true lymphatic vessels which lies under- 
neath the fine network of capillaries of the papillary layer, and these 
with the more deeply placed lymphatics of the sub-mucosa, while in the 
other direction they lose themselves in the membrana propria, which 
though in ordinary sections apparently structureless, can be shown by 
appropriate modes of preparation to be permeated by cavities contain- 
ing living nucleated cells, which communicate with their neighbours in 
every direction by protoplasmic branches. Continuing our examination 
downwards, we come lastly to the looser texture of the sub-mucosa, 
in which, in addition to branches of arteries, veins, and nerves, the 
mucous glands, when present, are embedded ; all these structures being 
in relation superficially with the mucosa, deeply with the muscles.* 
J) ES ER IRD AO ESE LE PLIES SR eR 


* See E. Verson, Kehlkopf und Trachea. Stricker’s Handbuch der Gewebelehre, 
vol I. p. 453. 
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The changes which take place in the mucosa have been recently 
investigated | by Nassiloff;* who finds that in sections prepared 
from mucous membranes in which the diphtheritic process is in 
progress, but not too advanced, it is seen not merely that the cells 
of the rete Malpighii have undergone remarkable changes, to which 
it is not needful to refer, but that in the mucosa the interfascicular 
channels are occupied with similar material, so that they present them- 
selves asa system of opaque granular tracts which intercommunicate 
with each other, so as to form an imperfect network embedded in a trans- 
parent stratum or ground. Proceeding towards the deeper structures, 
it is seen that the lymphatics with which these channels communicate 
are filled with similar material, so that in the deeper layer of the mucosa 
and in the submucosa these vessels present themselves as round, oval, 
or oblong areas of granulation. This granular material is not, ac- 
cording to Nassiloff, either fibrin or detritus, but consists mainly 
of micrococci, so that he considers himself justified in regarding the 
changes which occur in the mucous membrane in faucial diphtheria as 
probably dependent on the occupation of the channels of absorption by 
masses of vegetation. As yet nothing has been said of the diphtheritic 
process as it presents itself in the air passages. In the larynx and 
trachea its characters differ so strikingly from those met with in 
the fauces and pharynx, that the most attentive observers, whose 
means of investigation have been limited to the use of the scalpel, have 
been led to regard the laryngeal croup as a complication of the faucial 
angina, not as a continuation of the same process. So far as regards 
the changes in the epithelium, it would not be difficult to show that the 
contrast may be attributed to the structural difference between the 
respiratory and alimentary mucous membranes. 

As regards the changes in the mucosa and deeper parts, there appears 
to be no _ ground for making any distinction between the mucous mem- 
brane of the air passages and that of the fauces. The author already 
referred to has shown that the micrococcus infiltration can be traced 
both in the larynx and nares, not merely to the lymphatics of the sub- 
mucosa, but to the deeper structures—in the former to the cartilaginous 
tissue, and in the latter to the bony tissue with which it is in relation. 

I have already indicated that the micrococci which are found in the 
diseased tissues in diphtheria cannot be regarded as the generators of the 
specific contagium (supposing such to exist), the obvious reasons being, 
first, that the micrococci themselves possess no specific characters, and 
secondly, that a mycosis of the same kind as that which is associated 
with diphtheria, occurs in similar connection with other morbid pro- 
cesses which are certainly not specific. ‘There is, nevertheless, another 
question relating to the subject which still remains open. However 
certain it may be that they neither embody nor produce any specific 
contagium, there is still a sense in which they may be pathogenic. The 
fact that they are present in the earliest stages of the diphtheritic 


process, and that they find their way even to the extreme limits of the 


diseased area, would not, even if confirmed by a much larger number of 
observations than have yet been recorded, be adequate to prove that 
they are the exciting causes of the subsequent changes. The question 
is one which can only be answered by experiment, and I now propose 
to give an account of some efforts which have been made in this 


’ direction. 











* Nassiloff, Ueber die Diphtheritis. Virchow’s Archiv, vol. L., p.551. See also — 
on the same subject, Oertel, Hs neues Untersuchungen tiber Diphtherie. 
Deutsches Archiv, vol. VIIL., p. 3 
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Of the various attempts that have been made to propagate the 
diphtheritic process in the tissues of healthy animals, almost all have 
been undertaken in the hope of communicating the disease. I am not 
indeed certain that any of the experimenters have kept in mind in their 
investigations the distinction just referred to, between the property of 
communicating a specific disease, e. g. Diphtheria with its sequela, in its 
entirety, and that of merely ingrafting by inoculation, a particular local 
process. 

Some of these experiments have consisted in inserting diphtheritic 
material in the tissue of the cornea by puncture, others in injecting it 
subcutaneously,” and others in introducing concretions into the trachea 
or larynx.t As the most important results have been obtained by the 
first of these methods, I propose to refer to these exclusively. 

There are several reasons why the cornea is preferable to any other 
tissue for experiments on the propagation of mycosis. Its tissue is 
better known histologically than any other, and it is closely related in 
structure to those which are chiefly liable to be the seat of mycoses 
elsewhere, viz., the superficial layer of the cutis, and the membrana 
propria of the mucous membranes. In addition to this it is the struc- 
ture in which the phenomena of reaction against injury—those of 
tissue-germination, and corpuscular infiltration—have been studied 
with most care. 

The earliest experiments were, I believe, those made by Nassiloff{ at 
Professor von Recklinghausen’s suggestion in 1869. His method con- 
sisted in simply puncturing the cornea of a rabbit with a needle charged 
with diphtheritic concretion. The injury gave rise to some hyperemia 
of the conjunctiva with purulent discharge, which after two or three days 
subsided, leaving the cornea of a yellowish colour. On microscopic 
examination this appearance was found to be due to the impletion of 
the lymphatic canaliculi with micrococci. In one of the experiments 
this was accompanied by corpuscular infiltration of the peripheral part 
of the cornea, the white opacity due to this cause being distinguishable 
even to the naked eye from the brownish yellow tinge which indicated 
the mycosis. In these experiments the material was derived in one 
instance from the pharynx of a diphtheritic child, in the other from a 
case of hospital gangrene. In both, the material appeared to consist 
entirely of micrococci. 

The next experiments were those of Professor Eberth, of Zurich.§ 
The material was also derived from faucial diphtheritis. ‘The inoculation 
was performed by making a number. of minute punctures in the cornea, 
and then introducing the fresh diphtheritic concretion into the con- 
junctival cavity, care being taken to employ instruments that had never 
before been used. At the same time the opposite cornea was punctured 
in the same manner without introducing any infecting material, in order 
to distinguish the merely traumatic results from those due to the 
contamination. - 











* The most important experiments as to the communicability of the diphtheritic 
process to animals by subcutaneous injection are those of Trendelenburg—Ueber die 
Contagiositiit und locale Natur der Diphtheritis. Archiv f. klin. Chir., vol. x., p. 720. 

+ The method of introducing concretions into the larynx was employed by Letzerich 
and Oertel. Both of these experimenters succeeded in producing in rabbits a disease 
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which corresponded with diphtheria as well in its local as in its general manifestations. — 


As, however, the significance of the results obtained by them seems to admit of 
question, I think it undesirable to refer to them in the text, but have added a note 
on the subject at the end of this paper. 

ft Nassiloff, loc. cit. 

§ Eberth, Zur Kenntniss der bacteritischen Mycosen. Leipzig, !872, p. 6. 
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When this method was used it was found that in the uninfected eye 
the reaction was confined to the appearance of a slight opacity round 
each prick, which in a couple of days had disappeared. The other in 
24 hours was in a state of advanced suppurative inflammation. On 
examining the cornea with a low power (after the animal had been 
killed), each puncture presented itself as a greyish brown patch of 
stellate contour on the anterior surface of the organ. At a deeper level 
in the corneal tissue, streaks of the same colour were seen stretching 
from the seat of puncture and intersecting each other in various 
directions, corresponding to those of the lymphatic canaliculi. On 
making sections of the organ and examining them with a higher 
power, the yellow granular ‘substance was found to consist entirely of 
micrococci. 

From these experiments Eberth concludes that the invasion of a tissue 
by micrococci may result in its disintegration either by the directly 
destructive action of the organisms themselves, or by the inflammatory 
reaction to which they give rise, but that in either case they are the 
primary agents, the efficient causes, by the operation of which the 
process originates. 

Both Eberth and Nassiloff made comparative experiments with 
ordinary putrid liquids, for the purpose of ascertaining whether results 
of the same kind as those described above could be thus obtained. 
These were for the most part negative, showing apparently that 
micrococci bred or nourished in tissues actually undergoing diphtheritic 
processes acquired thereby such a habit as fitted them for colonising 
in a new tissue more readily than others. Subsequently, however, 
Eberth * published other experiments in which he showed that. corneal 
mycosis could be brought about by any injury of which the mechanical 
conditions were favour able to contamination from the ordinary sources. 
Thus, for example, he found that even in corneas inflamed by a 
thread seton, a certain degree of micrococcus infiltration could be made 
out in the neighbourhood of the wound. He also found that in the 
affection of the cornea produced by section of the fifth nerve the 
disintegrative process was in its origin in great measure mycotic. 

As, however, the question still appeared to be doubtful, a new and 
very extended series of experiments was undertaken by Dr. Dolschenkow 
in the pathclogical laboratory of Professor von Recklinghausen, at Stras- 
burg.f The materials used in these experiments were not specific. In 
some the white or brownish smeary endwit, consisting entirely of 
micrococei and bacteria, which covers putrescent muscle when kept. 
in moist air, was used, in others the scum from putrescent animal liquids. 
Each inoculation was made by a single puncture in the upper half of 
the cornea. 112 experiments were made, of which 29 were entirely 
successful, and 3) partially so. In the remainder the results were 
negative. ‘The effects were as follows :—After 12 hours a slightly 
prominent opacity appeared at the seat of each inoculation, the con- 
junctiva being hyperemic and slightly oedematous. Six hours later the 
opacity had increased to the size of a hemp seed; in its centre was a 
small uleer, around which the cornea was yellowish, the rest of it 
beginning to show grey opalescence. At the end of 24 hours the ulcer 
had increased to the size of a hemp seed and had become deeper, the 
epithelium of the cornea was detached and the general opalescence had 


* Bberth, Die diphtheritischen Processe. Keratitis nach Trigeminusdurchschneid- | 
une. Centralblatt, 1873, pp. 118 and 502. 

t Dolschenkow, Imp!une faulender Substanzen auf Kaninchenhornhaut ; Central- 
platt, 1873 p. 655. 
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passed into opacity. There was already hypopion 3,” deep, and the 
cavity of the conjunctiva was full of purulent liquid. During the next 
two days the ulceration of the cornea progressed towards its margin, 
and eventually, about the end of the third day, perforation usually took 
place, the conjunctival inflammation having already subsided. 

Most of the animals appear to have been killed for microscopical 
examination about the second day, but there is a want of precise state- 
ment upon this point. In each case sections of the prepared cornea 
made parallel to the ulcerated surface, and at different distances from 
it, were investigated. Nearest the surface the canaliculi were found 
to be so occupied with corpuscles and detritus that the extent to which 
micrococci were present was difficult to determine. In the succeeding 
sections the corpuscular infiltration was less, and diminished more and 
more as the deeper strata were reached. Here, although the tissue was 
perfectly transparent, there were numerous canaliculi which were filled 
with micrococci to a breadth of ¢y59”. They could indeed be traced as 
far as Descemet’s membrane, and it was in these deepest layers that 
the channels showed themselves most beautifully as long slender streaks 
which exhibited a granular appearance and distinctly brown colour. 
In addition to the micrococci contained in the canaliculi, isolated 
microphytes were scattered in the ground substance, most of them 
following in their distribution the course of the fibrillation. In form 
the greater number of these were rod-like. ‘The author was unable to 
discover any micrococci either in the other tissues of the eye, in the 
pus of the hypopion, or elsewhere in the bodies of the animals. 

It was stated above that 46 per cent. of the experiments failed. 
These failures were attributed by Dr. Dolschenkow in some instances to 
defective manipulation. Of the remainder a few could only be accounted 
for as resulting from insusceptibility on the part of the animals used ; 
but the greater number appeared to be dependent on the nature or con- 
dition of the infecting material. With reference to this point it was 
found first, that no result was obtained unless the micrococci were 
introduced in mass, and secondly, that it was only at an early stage of 
their development, that is of the putrefactive process, that they possessed 
a sufficient infective intensity to insure positive results. In comparing 
these experiments with those of Eberth in which the material employed 
was of diphtheritic or at all events of pathological origin, it is to be noted 
that the quantity used by the latter was very much smaller, so that the 
results, even if they weaken Eberth’s inference as to the greater infec- 
tiveness of his diphtheritic micrococci, cannot be said to dispose of it 
altogether. It must be admitted that the subject is still in some obscurity. 
It is, however, of moment to have learnt that forms of micrococci exist 
which possess the power of colonizing in living tissues, and thereby 
inducing a variety of inflammation which is distinguished from others by 
its tendency to result in disintegration, and that this faculty of originating 
disintegrative inflammation is possessed by them independently, and can 
be exercised without the concurrence of aay previously existing morbid 
process. 


ERYSIPELAS. 


‘In the following paragraphs the word erysipelas is understood in its 
stricter rather than in its wider sense. The most obvious character by 
which an erysipelas is distinguished from any other inflammation of the 
skin, as for example that which is present in a burn of sufficient intensity 
to produce vesication, consists in the fact that it originates from a focus 
of infection. ‘The way in which it spreads from such a focus over the 


B 2 


APP. No. 1. 
On Pathology of 
the Infective 
Processes, by 
Dr. Burdon 
Sanderson. 


Definition of the 
term erysipelas. 


App. No.1. 
On Pathology of 
the Infective 
Processes, by 
Dr. Burdon 
Sanderson. 


Summary of the 
more obvious 
local phenomena. 


Structural 
changes, 


20 


surface of the skin may be aptly compared to that in which the process 
of combustion gradually extends over a sheet of brown paper from any 
point which has been set fire to, As a rule the infective focus of an 
erysipelas is a wound, excoriation, or other breach of surface. Some- 
times it happens that no traumatic cause can be discovered, but even 
here it is not the less evident from the form and characters which the 
patch of redness presents at its first appearance, that the spreading 
inflammatory process has started either from one centre of origin or 
from several neighbouring centres at the same time. In either case it 
is equally plain that a local infection has occurred, z.e., that a contagium 
has been inserted or otherwise come into existence in the tissue of the 
affected part. | 

Before proceeding to discuss the anatomy of the process of erysipelas 
it may be well to refer very shortly to some of the obvious changes 
which the skin undergoes. ‘The red patch with which erysipelas begins, 
is always limited by a sharply defined contour line, which may be termed 
the line of extension. Beyond this line, that is further from the centre 
of origin, the skin is apparently normal; immediately within, it is 


‘not only redder than it is over the rest of the affected surface, but turgid 


from infiltration of interstitial liquid or tissue-juice ; this turgidity gives 
rise to a raised border readily felt by the finger in passing from the healthy 
to the affected surface. A spreading inflammation of the skin of which the 
order of extension has the characters just described must be regarded 
as an erysipelas whether it occurs in man or the lower animals, whether 
it is induced or of apparently spontaneous origin. It is remarkable that 
up to a comparatively recent period the finer anatomical changes that 
occur in the skin in erysipelas were not investigated ; the iitense 
redness appeared to be so completely explained by the injection and 
distension of the blood vessels of the cutis, and the swelling by the 
soaking of its tissue with serous fluid, that these two changes, viz., con- 
gestion and infiltration, were taken as the only elements of the process ; 
for it appeared to be very improbable that an inflammation which does 
not as a rule affect the same part for more than two or three days, and 
when it disappears, ieaves no visible trace behind it, should be attended 
with any structural alteration in the tissues, 

The first serious investigation of the histological changes which occur 
in erysipelas was made six years ago by Volkmann and Steudener,* the 
material being derived from cases which occurred in the course of an 
outbreak of the disease at Halle. The principal difficulty in this investi- 
gation was, as may be readily supposed, that of obtaining specimens of 
skin for microscopical examination in which the process was. still 
progressive ; for in such cases of erysipelas as result in death, it usually 
happens that the extension ceases entirely some time before the fatal 
issue. In three instances, however, out of sixty examined, the process 
was still extending. ‘The changes described by Volkmann and Steudener 
as they present themselves in vertical sections of erysipelatous skin in the 
stage of progress are as follows :—In the superficial layer of the corium 
the most prominent feature is the vascular injection, which is so intense 
that the papille look as if they consisted entirely of loops of distended 
capillaries. In addition te this, the vessels are seen to be surrounded by 
cells in great numbers which present the well-known characters of the 
colourless corpuscles of the blood ; in the deeper layers of the cutis these 
are so numerous that they form a continuous sheathing to each vessel, 
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* Volkmann und Steudener, Zur pathologischen Anatomie des Erysipelas. Cen. 
tralblatt, 1868, p. 561. 
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these sheaths communicating with each other by tracts of corpuscles, of 
which the arrangement corresponds to that of the network of inter- 
fascicular spaces of the connective tissue. 

It was formerly supposed that erysipelas proper could be distinguished 
from purulent subcutaneous cellulitis not merely by the absence of sup- 
puration, but by the circumstance that in the former disease the effusion 
or infiltration has its exclusive seat in the cutis. Volkmann and Steu- 
dener’s investigations show that neither of these distinctions has any 
sufficient foundation ; for there is no difference between the two diseases, 
either as regards the characters of the individual migratory corpuscles, 
or as to their proportionate prevalence in the different layers of the 
integument. In erysipelas, as in other forms of inflammation of the 
skin, the chief seat of corpuscular infiltration is not the cutis but the 
cellular tissue ; for whereas in the former, particularly in its superficial 
layers, the number of migratory corpuscles is relatively very small, the 
tracts of infiltration that surround the vessels of the subcutaneous cel- 
lular tissue, as well as those which follow the course of the connective 
tissue bundles and surround the groups of fat cells, are often of such a 
size that a single tract may occupy the whole field of the microscope, 
and can be readily distinguished by the naked eye in vertical sections as 
a streak of white opacity. In the subcutaneous adipose tissue the 
corpuscles are seen not only to surround the masses, but to penetrate 
between the individual fat cells, following here as elewhere the distri- 
bution of the vascular system. As soon as the process begins to recede 
and the skin regains its natural colour, or assumes the peculiar yellow 
tinge usually seen after erysipelas, the emigrated cells undergo rapid 
degeneration, so that after a day or less, all that remains of them is 
granular detritus. ‘This process goes on so speedily that in the course 
of three or four days no trace of what has occurred can be detected, 
the restitutio ad integrum being as complete when scrutinised by the 
aid of the microscope as it appears to be to the naked eye. 

The observations of Volkmann and Steudener, although they are of 
great value as contributions to the anatomy of erysipelas, do not 
materially aid the comprehension of those attributes of the process from 
which it derives its right to be regarded as infective ; for the structural 
changes described by them for the first time, afford no better criterion 
than we possessed before for distinguishing the erysipelatous from other 
forms of inflammation ; for if, as Volkmann justly remarks, we were to 
produce an inflammation of the skin by the application of strong solu- 
tion of iodine or otherwise, we should find the vascular congestion, the 
corpuscular infiltration, and the other finer textural changes presenting 
just the same characters as in erysipelas ; so that if we were to depend 
upon the aid of the microscope we should find it even more difficult to 
discriminate between the one process and the other than when we 
relied on the mere naked eye appearances. In relation to our inquiry, 
these results are chiefly of value in so far as they enable us to get rid of 
previously existing anatomical misconceptions. So long as it was 
supposed that the erysipelatous inflammation had, or at all events 
might have, a special anatomy of its own, the attention of pathologists 
was too apt to be drawn from the study of the process itself to structural 
changes in the tissues affected. Here, as in other instances in 
which we know what is going on only by its effects, the observer must 
guard himself against allowing his attention to be so engrossed with the 
characteristics of a process that the process itself is concealed from him. 
It is evident that in every erysipelas, changes must have taken place 
in the tissue at a period antecedent to the corpuscular infiltration, and 
even to the effusion. The question is, do these early changes leave any 
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trace behind them? If such traces exist, they will be found not in the 
inflamed skin but in the skin about to become inflamed; not at the 
swollen line of extension but beyond it. 

Two attempts have lately been made to elucidate this question; one 
of them by Dr. Orth, of the Pathological Institute in Berlin ; the other 
by Dr. Lukomsky, under the direction of Professor v. Recklinghausen, 
of Strasburg. Of the first of these researches I propose to give a short 
abstract; the second is of such importance and value in relation to our 
inquiry that it seems desirable to reproduce the whole of the author’s 
observations and experiments in a condensed form. 

The purpose of Dr. Orth’s inquiry* was to ascertain, first, whether 
it is possible to communicate erysipelas to the lower animals by inocula- 
tion of the products of erysipelatous inflammation, and secondly, whether 
the specific activity of such products depends upon the living organisms 
(micrococci, bacteria, &c.) they contain. With reference to the first 
question, a large number of experiments were made, which showed that 
when the liquid of an erysipelatous bulla or other inflammatory product, 
is injected subcutaneously in the backs of rabbits, a spreading inflamma- 
tion is produced which corresponds in every important respect with 
erysipelas. ‘The redness and swelling extended from the wound over the 
whole trunk and extremities, the temperature at the same time rising to 
106°-107° Fahr. The redness was most intense in the immediate 
neighbourhood of the line of extension, along which it was limited by a 
well-defined swollen margin ; in the other direction it faded off gradually 
into the yellow tinge which prevailed generally where the inflammation 
had already subsided. On dissection, the red parts exhibited marked 
hyperemia of the vessels of the skin, along with cedema and loss of 
transparency of the subcutaneous cellular tissue ; in some cases there 
were small abscesses under the skin, in others none. On microscopical 
examination the infiltrating liquid of the swollen parts contained an 
enormous number of bacteria. ‘The anatomical changes in the cutis 
corresponded with those of erysipelas described by Volkmann and 
Steudener. 

Tn a second series of researches a cultivation liquid prepared after 
Cohn’s formula, which had been inoculated by the addition of a few 
drops of the morbid product above referred to, so as to determine the 
development of bacteria. presumed to be identical with those contained 
in the added liquid, was used for inoculation in the same way as before. 
The result was very similar to that obtained in the previous experiments. T 








* Orth, Untersuchungen iiber Erysipel. Archiv. f. experimentelle Pathologie, 
Vol. I. p. 81. 

} It may probably be admiited that in the experiments above related the disease 
produced was really erysipelas ; but clearly they do not prove or render probable the 
conclusion derived from them by Dr. Orth, that the material used forthe inoculation, 
owed its activity to a specific contagium peculiar to that disease. In my previous 
investigations relating to secondary inflammation, I had repeatedly occasion to 
observe that the subcutaneous injection of irritant liquids gave rise to erysipelatous 
inflammation, even though the most scrupulous care was taken to avoid the con- 
tamination of the liquid used with any infective product whatever; and I have no 
doubt that if Dr. Orth had guarded himself against error by making comparative 
experiments, either with chemical irritants of sufficient intensity, such as ammonia, or 
with products derived from other kinds of infective inflammation, he would have 
obtained the same results. It may be further noticed that the experiments lose much 
of their value from the intensity of the effects produced. ‘The rapidity with which 
the status que is restored after the cessation of the erysipelatous process, is as 
characteristic of it as the rapidity of its invasion, so that in any attempt to imitate it, 
the dose of the agent employed ought to be as smallas possible. In some of Orth’s 
experiments the results rather presented the appearance of purulent edema of the 

ubcutancous tissue than of erysipelas proper. ; 
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Dr. Lukomsky’s paper* consists of two parts: the first is a record of: Apr. ». No. 1. 
anatomical investigations made partly by Professor von Recklinghausen, 6, pathology of 
partly by the author ; the second relates to experiments made for the the Infective 
purpose of testing the identity of induced erysipelas with the natural pak ae 
disease, and obtaining material for conclusions as to the nature of the ®nderson. 
infective agent. Tae ee a 

Case 1] — Sophia G., xt. 60, affected with heart disease, was transferred Gjinical ana 
from a medical to a surgical ward (March 23), on account of erysipelas pee 
of the face of two or thr ee days’ duration, which had been preceded by ; 
rigors. ‘The disease ran a rapid course and terminated fatally on the 
third day after the patient’s admission (March 26), There was no 
trace of previous injury of the skin. 

Pathological appearances :* March 27.—Fat pretty abundant. Bluish 
reddening ‘of neck and upper part of chest, whence streaks extend to 
the back. Slight swelling of right side of upper lip and nose. HExco- 
riations and brown crusts on lips. Swelling of eyelids, particularly 
left. Much incrustation about inner angle of right eye ; tissue soft, 
collapsed ; fluid discharge from crusts. Marked chemosis of right eye ; 
mucous secretion in conjunctival cavity. Excoriations under skin ; 
commencing vesiculation on neck, where subcutaneous tissue is soft 
and infiltrated with pus. ‘The purulent infiltration extends into the 
intermuscular connective tissue of the neck, but not beneath the 
pectoral muscles. Tissue of anterior mediastinum infiltrated with 
reddish but not purulent liquid. Clear brownish fluid in both pleure ; 
similar fluid containing fibrinous flocculi in pericardium. ['The heart 
was enlarged, and exhibited the signs of old valvular disease. Lungs 
normal, with the exception of slight cedema of right lung.| Cidematous 
infiltration and redness of fauces, base’ of tongue, and left aryteno- 
epiglottidean fold. Left kidney small; its surface granular, without 
ecchymoses ; a few white streaks and specks are observed in the 
medullary cones, which, however, are not distinctly purulent. [No 
other morbid appearance of importance. |! 

Underneath the crusts of dried-up vesicles on the neck, the whoie of 
the cutis and subcutaneous tissue is infiltrated with fluid containing 
cells. . . . The interstices of the cellular tissue fasciculi of the 
cutis present in section irregular stellate figures, which are most 
numerous along the course of vessels. In the subcutaneous tissue the 
cells are in larger aggregations, so as to form purulent foci, which are 
connected together by tracts of granular deposit consisting of coagu- 
lated fibrin. In the skin of the chest the infiltration was slighter, 
but here some lymphatic vessels were observed which were filled 
with micrococei, while in other parts lymphatic cavities occurred in 
which there were collections of the same organisms. At the edge of 
the affected part, where the infiltration was very slight, several lymph 
vessels, recognisable by their varicose contours and the jagged form of 
their processes, were completely plugged with micrococci. These 
organisms could occasionally be discovered in the lymphatics of the 
apparently healthy skin, even as much as nine lines beyond the margin 
of extension. In the subcutaneous tissue of the chest, commencing 
cellular infiltration could be made out. 

In the skin of the bead the inflammatory process was obviously in 





* Lukomsky, Untersuchungen tiber Erysipel. Wirchow’s Archiv., Vol. LX., 1874, 
p. 418. 

+ The pathological observations, all of which are by Prof. von Recklingaausen, 
are for the most part translated. Where it has been thought necessary to abridge 
them, the abridged portions have been enclosed in brackets, 
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recession, the lymph cavities being filled with small round cells, in pro- 
cess of fatty transformation, and free fat granules. The “streaks” in 
the kidneys were found to be due to corpuscular iniiltration; in the 
infiltrated parts the blood vessels were plugged with micrococci, in the 
manner first described by v. Recklinghausen in 1871.* Capillaries 
filled with micrococci also existed in the muscular tissue of the heart, 
which, however, were not associated with inflammatory changes. 

Case 2.—Dorothea H., ext. 43, was admitted on account of a cystosar- 
coma of the right breast, which was excised on March6. On the 8th 
erysipelatous redness appeared at the edge of the wound, which by the 
10th had extended to the left nipple, and thence to the back. Intense 
fever, unconsciousness, with lividity of affected parts, resulted in death 
on the 13th without further extension of the erysipelas. 

Pathological appearances, March 14.—Surface of wound dry. Dry 
excoriated patches on the skin of the chest. Skin of axillary cavity 
reddened hemorrhagically, and excoriated in places, where it. is of 
doughy consistence. On the left side of the chest the epidermis is 
peeled off, and here and there vesiculated. . . . [No noteworthy 
appearances presented themselves in the other viscera. | 

Anatomical investigation of skin.—Surface of wound covered with a 
thin layer of broken-up pus corpuscles and granular detritus. . . 
Purulent infiltration of the subjacent tissues, with dilated blood vessels 
and extravasations here and there. . . . Edge of wound exhibits a 
brownish border a line in width, the cut surface of which is remarkably 
smooth and shiny. In this part it was found that the cellular tissue 
fasciculi had a glass-like appearance and swelled very little in acetic 
acid, and that the blood vessels were dilated with blood in which the 
corpuscles could not be distinguished. The malpighian layer of the 
epithelium was altered so as to resemble the stratum corneum, the pro- 
cesses between the papillae being transformed into slender parallel 
streaks, and the papille themselves containing vessels in the same con- 
dition as those last mentioned. Between this and the inflamed part the 
transition was rather abrupt, the cells of the malpighian layer of the. 
intermediate part being more distinct than at the very edge of the 
wound, but still small and granular. Along the line of commencing 
inflammation there were dilatation of the vessels and abundant corpus- 
cular infiltration, the cells of the rete being swollen, and some of them 
exhibiting vacuolation, while the papillary blood vessels were so dilated 
that they occupied almost the whole width of the papille. . . . 

[The most important changes were observed in the deeper layers of 
the subcutaneous tissue.] Almost immediately on the surface of the 
muscles, micrococci existed in vast numbers, forming extensive colonies 
of the most various forms—round, oval, cylindrical, or stellate. In 
some places portions of large lymphatic vessels occurred, completely 
filled with micrococci, the largest colonies being always found in natural 
cavities, which were also probably lymphatics. In the neighbourhood 


of the colonies numerous bodies of stellate form, consisting of micrococci, 


occurred, which were united by their processes so as to constitute a 
network. ‘The colonies themselves were most numerous in the tracts 
of connective tissue between fat masses ; but the adipose tissue itself 
was also occasionally obscured by scattered micrococci. Notwithstand- 
ing this deposit of micrococci the tisstie was free from corpuscular 
infiltration. [These facts were observed only in the immediate neigh- 
bourhood (to a distance of 21”) of the wound ; beyond this the skin was 
not examined. | 


sales Recklinghausen, Wiirzburger Verhandlungen, Jan, 10, 1871. 
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Case 3.—Mathilde L., xt. 15, admitted into hospital for hip-joint 
disease. ‘Three weeks after the opening of a large abscess, erysipelas 
commenced (May 18) at the edge of the wound which had not com- 
pletely united, rapidly spreading over the whole body, with the exception 
of the head and oneforearm. Intense fever, with vomiting and diarrhea, 
supervened, terminating fatally June 7, the progress of the erysipelas 
having ceasetl two days previously. 

Pathological appearances, June 9.—Body emaciated and pale. Skin 
of lower limbs covered with flakes, under which it is still reddened ; 
some redness of right arm. An incision 9’” long in upper third of inner 
aspect of leg. Purulent infiltration of integument of neck ; inner half 
of left clavicle bare of periosteum and bathed in pus. Sterno-clavicular 
joint opened. Cellular tissue of the anterior mediastinum infiltrated. 
with pus. Both pleura contain muddy liquid, with purulent fibrinous 
deposits. Lungs here and there adherent. Pericardium contains a 
little muddy liquid ; heart small . . . . «© 3 its internal surface 
stained. [No important pathological changes in other viscera, excepting 
that in a few papille of the kidneys there were yellowish streaks, and 
that the retroperitonxal lymphatic glands were much reddened and 
swollen and surrounded with purulent infiltration, which extended to 
the pelvic cavity, and thence through the pelvic wall into the left cotyloid 
cavity.] Luxation upwards of the head of the right femur. Large 
quantities of pus outside of the pelvis. Carious kyphosis of the thoracic 
vertebra, around which there is an enormous cavity filled with thick 
yellow pus, containing several bony fragments. 

Anatomical investigation of diseased skin.—Excessive corpuscular 
infiltration of the subcutaneous tissue generally ; purulent foci under 
integument of lower limbs ; micrococci occur only occasionally and in 
small groups in the integument of the legs, the appearances referable 
to their presence being insignificant. Elsewhere in the integument no 
micrococci could be discovered. In the lungs, liver, and kidneys (in 
which last they were found in the streaks above referred to) capil- 
lary blood vessels obstructed with micrococci presented themselves 
repeatedly. 

Case 4.—Aucustin B., wt. 9, an anemic child of feeble constitution, 
was admitted June 18, on account of a swelling in the left axilla, con- 
sisting of enlarged lymphatic glands, which was excised on the same 
day. Erysipelas commenced from the edge of the wound June 21, 
which soon spread over the chest and back. It then (June 23) receded, 
the general condition becoming worse, the case terminating on the 24th. 
Before death an erysipelatous redness appeared on the left arm (which 
had been previously free). 

Pathological appearances, June 26.—[Cavity of wound contains much 
disintegrated tissue infiltrated with pus. Swelling of integument and. 
peeling of the epidermis of left side of chest. Masses of cheesy infil- 
trated glands on both sides of neck, extending to ears, many of them 
containing mortar-like substance. Right pleura contains about 10 ounces 
of reddish muddy liquid with fibrinous masses, both free and covering 
the pulmonary surface. Left pleura partly adherent, otherwise in a 
similar condition to that of the right. Tissue of anterior mediastinum 
dense, and containing enlarged and degenerated glands. Right costal 
pleura reddened, especially between the ribs. On the left side the inter- 
costal tissue contains several nodules as large as cherries, which also 
consist of cheesy substance, Pericardium contains greenish liquid with 
fibrinous masses, free or attached to the serous surfaces ; the membrane 
itself is thickened, reddened, and externally scattered with ecchymoses. 
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The right lung exhibits lobular patches of grey consolidation of the 
lower lobe, which, however, for the most part containsair. Other lobes 
contain old indurations. Left lung cedematous, otherwise healthy. 
Bronchial glands enlarged and degenerated and surrounded with dense 
tissue. Mesenteric glands also enlarged and caseous. | Considerable 
alteration of the solitary follicles, but no ulceration of intestine. No 
other important lesions. | : 

Anatomical examination of diseased parts.—From the lower edge of 
the wound to an extent of several inches, the lymphatics of the skin 
and their branches were found to be choked with micrococci. This was 
particularly the case in the two layers of lymph capillaries of the corium, 
which as is well known lie intermediately between the two networks of 
blood capillaries. [In the author’s drawings the form and arrangement 
of these networks are well seen. In the superficial layer of lymphatics — 
the channels have varicosities, often jagged processes, which are seen to 
be continuous with colonies of micrococci, which from their form must 
be regarded as contained in lymphatic canaliculi (Fig. 2). The lym- 
phatics which lie under the deeper network of blood capillaries of the 
corium (stratum internum of Teichmann) do not present the jagged 
outline of the others; they run parallel for the most part with the 
connective tissue bundles and elastic fibres (see Figs. 4 and 5). The 
drawings illustrate the relations of the vessels of both layers with the 
blood capillaries, showing particularly as regards the more superficial 
layer how they occupy the interspaces of the capillary network. At 
a greater distance than two inches from the wound it was found that 
the micrococci no longer occupied the lymph vessels, but were met with 
exclusively in blood capillaries ; several loops of such capillaries some- 
times occurring together entirely plugged with micrococci. Commonly, 
however, the plugging did not extend beyond a single branch. In 
other instances colonies presented themselves at points of bifurcation. 
In this ease the corpuscular infiltration of the affected parts of the skin 
was only considerable in the deeper layers near the course of vessels. 
In the subcutaneous tissue it was almost entirely wanting. ‘There was 
no infiltration with micrococci near the upper margin of the wound. | 

Case 5.—Therese S., et. 60, admitted for a large swelling in the 
neighbourhood of the left parotid, which was evacuated on June 9 by 
means of Dieulafoy’s aspirator. As on the next day it had again filled, 
it was laid open by a long incision. It was then found to be a cavernous 
tumour. On the same day a similar tumour of the breast. was excised. 
Three days afterwards the skin began to-redden around the edges of 
the excision wound ; by the 17th erysipelas had spread over the chest, 
and shortly afterwards extended to the back. On the 28rd the erysipelas 
subsided, but the general condition became worse, and the patient died 
on the 27th. Shortly before death there was a new extension of 
erysipelas in the neighbourhood of the seventh vertebra. 

Pathological appearances, June 28.—[Much edema of the legs; 
moderate distension of the belly. The cavity of the wound near the 


parotid contained greyish pus, and the parotid itself was in a state of 


purulent disintegration. ‘The ‘skin in the neighbourhood of the excision 
wound is reddened and exhibits peeling of the epidermis. ‘The left 
pleura contains about a pint of greenish liquid, but there is none in the 
vight. Both the pulmonary and pleural costal surfaces are coated with 
fibrinous deposits, under which the pleura is reddened in some parts ; 
in others it is adherent. At the lower margin of the left lung there 
is a gangrenous nodule surrounded by lung tissue in the state of com- 
mencing purulent infiltration, as well as smaller foci in other parts of 
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ihe lower lobe. The right lung also contains metastatic foci, none of 
which is as large as a cherry. The other pathological appearances 
were not important. 

The microscopical investigation of the affected skin showed that there 
was only moderate corpuscular infiltration of the cutis, which did not 
extend at all to the subcutaneous cellular tissue. Fatty degeneration 
of the infiltrating cells was already beginning. No micrococci could be 
observed anywhere i in the parts first affected ; but in the region in which 
the erysipelatous process showed itself only a day before death, the 
lymphatics as well as the canaliculi of the connective tissue were 
occupied by them, the appearances being the same as in the other 
cases. | 

In four other cases of erysipelas in which the disease was also receding, 
it was similarly found that there were no micrococci; the cells with 
which the tissue was still abundantly infiltrated being in a state of 
fatty degeneration. 

The purpose of the experimental part of the investigation was, as 
has already been stated, to determine in how far the apparently 
erysipelatous inflammation of the skin, which can be produced artificially 
in rabbits by the introduction of liquids ¢ containing septogenic organisms, 
corresponds anatomically with erysipelas in man. ‘The experiments 
which were made at the instance of von Recklinghausen were com 
menced after the completion of the clinical part of the inquiry. They 
were of two kinds; in some the liquids were injected subcutaneously, 
in others material containing septic bacteria was applied to wounded 
surfaces. 

1. The contents of a cyst evacuated after death, which had been 
allowed to stand in ice for 24 hours, were employed. ‘The liquid was 
of a yellowish red colour, and contained a well-formed gelatinous 
coagulum. It presented, besides numerous blood corpuscles, micrococei 
and bacteria in abundance, both scattered and in colonies, which were 
largely made up of necklaces. ‘There was no trace of putrid odour. A 
cubic centimeter of this liquid was injected into the skin of the right 
side of the back of a young rabbit which had been carefully shaved, 
and some of the coagulum was similarly inserted in the opposite side. 
The animal died 26 hours after the inoculation. Five hours before 
death it was collapsed, its temperature having diminished from 104° to 
97°7° Fahr.; livid red streaks extended from the seat of injection on 
the right side to the middle line; on the left side, where the coagulum 
had been inserted, the redness had spread over the whole left flank and 
left hind limb; at the middle line the two regions of redness had united, 
and there was doughy cedema of the integument of the belly posteriorly. 
* On dissection the skin was found to be infiltrated with reddish serous 
liquid containing innumerable bacteria. Sections of skin hardened in 
alcohol showed intense vascular injection with numerous extravasations ; 
pus corpuscles occurred sparingly in the skin, abundantly in the sub- 
cutaneous liquid. The sections of skin always exhibited the appearance 
of a “stellate network of micrococcus,” that is, a network formed 
by the confluence of the branches of a number of stellate masses cor- 
responding in arrangement to the lymphatic canaliculi. The author's 
drawings show lymphatic vessels completely filled with micrococci. In 
the internal organs, micrococci existed in the muscular tissue of the heart, 
in the liver, and in the kidneys. 

2. After keeping the liquid used in the above experiment for a week. 
about 12 minims were injected subcutaneously on the left side of the 
back of a rabbit, Redness began to extend from the wound about eight 
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hours after the injection, and gradually spread over the whole of the 
trunk during the following day. The line of extension was dark red, 
somewhat hemorrhagic, and slightly prominent. The animal survived 
48 hours. Before death the whole of the affected part acquired a 
yellowish green tinge. The general appearances found on dissection 
resembled those described in the previous experiment ; the investigation 
of the skin again showing that the relation between corpuscular infiltra- 
tion and infiltration with micrococei is the same in the artificial process 
as in the natural. At the line of extension the cutis was found to be 
infiltrated both with young cells and micrococci, but two tenths of an 
inch or less beyond this line, the cells were wanting, the stellate spaces 
of the lymphatic canalicular system of the cutis being occupied by a net- 
work of micrococcus masses of the kind above described, the direct 
continuity of which with lymphatic vessels also filled with micrococei 
could be distinctly made out. 

3. Two drops of aqueous infusion of muscle of frog were injected 
subcutaneously inthe back of a rabbit. In this case the animal survived 
eight days—suflicient time to allow of the recession of the inflammation 
of the skin, which was at first very extensive. - The affected parts were 
of a yellowish colour, the infiltration of the subcutaneous tissue had 
disappeared, excepting in the foot, where sufficient quantity was 
obtained for microscopical examination. In this liquid no organisms 
could be found ; in sections of affected skin hardened in alcohol, cells in 
advanced fatty degeneration and detritus were met with, but no trace 
of micrococci. 

(Experiments 4, 5, and 6 are omitted as being similar to the above.) 

The results of the first series are summed up by the author as follows : 
—(1.) The previous observation, that by subcutaneous injection of liquids 
containing micrococei, intense spreading inflammation of the sub- 
cutaneous tissues, in which the cutis participates, is confirmed. (2.) In 
this process the micrococci, multiply rapidly in the tissue, distributing 
themselves principally in the lymphatic canaliculi and vessels. (38.) This 
process can be induced by a fluid containing micrococci even when it 
shows no signs of putrescence (e.g., by a fuid obtained from the living 
body, in which there could be no question of septic change unless the 
very presence of these organisms is to be considered itself proof of 
putrescence). (4.) Fluid froma dead body, if free from micrococci and 
bacteria, produced only a local effect which had no tendency to spread. 
The contents of erysipelatous bullee, if free from micrococci, produce no 
result,” 

7. A wound ,4,” square having been made in the back of a rabbit, 
the eoagulum referred to in Experiment 1 was applied to it. After 
24 hours the wound was covered with a brownish depressed crust, and - 
surrounded by a swollen margin; redness extended in all directions 
from it. By the fourth day the redness had reached the left groin, and 
spread thence over the left thigh and to the right side of the back. 

8. A wound of similar size having been made in the left side of the 


‘back of a rabbit, a portion of the frog’s musele used in Experiment 3 


was applied to it for eight hours, being secured by plaster. At the time 
it was removed the wound was surrounded by a patch of redness and 
swelling which extended nearly 3 inches in length and 13” in 
breadth, exhibiting numerous hemorrhages. The edges of the wound 





* The two last statements are founded on negative experiments, of which I omit 
the details. 
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were red and swollen, and its surface of a dirty white appearance. In App. No.1. 
portions oi skin around the margin of the wound which were removed oy pathology of 
at this time and hardened in alcohol, the canaliculi and lymphatic vessels the into 
were already filled with micrococci. The animal died on the fourth pr. Burdon” 
day ; the redness and swelling had extended to the middle line of the Sanderson, 
belly, where there was an cedematous tumour as large as a hazel nut, 

. which on puncture yielded a reddish liquid containing numerous bacte- 
ria. In most parts of the affected skin the corpuscular infiltration was 
so considerable that the appearances, so far as related to the micrococci, 
were less distinct.* 

12. A portion of putrid flesh three days old was applied in the same 

way to a superficial wound on the left side of the back of a rabbit. On 
removing it eight hours after, a patch of redness and swelling, the 
border of which was sharply defined, extended 134” towards the 
left side of the belly. It was cedematous at the edge, and on puncture 
yielded a liquid contaiming, besides leucocytes, bacteria and micrococci. 
Portions of skin at the edge of the wound removed for microscopic 
examination, showed the presence of micrococci in the canaliculi. 
Next morning the animal was killed. The affected skin was infiltrated 
and its sectional surface reddish ; the subcutaneous connective tissue 
was cedematous. On the surface of the fascia covering the muscles 
small hemorrhages were observed which on the right side near the 
vertebral column were confluent. Between these places and the affected 
skin the vessels were strongly injected. On subsequent microscopical 
examination it was found that the tissue was full of extravasated 
coloured and colourless blood corpuscles ; the latter had assumed very 
various forms and contained refractive granules in great numbers. In 
some of the capillaries that still contained blood, bacteria could be dis- 
tinguished in the serum. In sections of skin from the neighbourhood 
of the wound, appearances similar to those in Experiment 8 were ob- 
served. ‘At the part where the progress had been most rapid there 
‘ was still considerable deposit of fibrin which extended somewhat 
“‘ beyond the margin of redness. In this fibrin micrococci were embedded ; 
“ it was so granular that the micrococci could not be made out until 
“ the preparation had been treated with acetic acid and warmed. They 
‘* were found in moderate numbers occupying the canaliculi.” 

Experiments 13, 14, 15 and 16 are omitted. 

From this second series of experiments the author concludes (1), that Su 
septic material containing micrococci, when applied to a wound, produces secant soles od 
intense local inflammation which rapidly affects the surrounding skin ; ©*Periments. 
the spreading disease thus produced corresponds in all its phenomena 
with erysipelas. (2) In this process the bacteria and micrococci penetrate 
into the skin by means of the canaliculi and lymphatics. They are to 
be found in the greatest numbers at the periphery of the inflamed patch, 
and particularly in that part of it where the process of inflammation is 
progressing most rapidly, (3) The erysipelas thus produced tends to spread 
in certain directions more than in others. When the wound was in the 
middle of the back or near it, the progress of the inflammation was most 
rapid towards the belly, but more rapid backwards than forwards. 

This the author thinks may depend on the direction of the bundles of 
connective tissue, or that of the lymphatic vessels, or on the influence 
of gravitation, but he is unable to arrive at a definite conclusion on the 


subject. 





—_— a 


* Experiments 9, 10, and 11, although related in great detail and yielding facts of 
interest, are omitted, 
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Part LI. 


There are four contagious diseases in respect of which the presence in 
the contagious liquids, of forms of vegetation differing from those met 
with either after death in the normal tissues or liquids of the body, ov 
during life inthe products of primary or secondary inflammation has been 
established, ‘These are smallpox, sheep-pox, splenic fever, and relapsing 
fever. 

The first statements as to the existence of organisms in the lymph 
of cowpox and smallpox were made by Dr. Keber* of Dantzic in 1868, who 
regarded them as the carriers, if not the generators, of the active virulent 
principle. From his description it is evident that although it is not 
quite in harmony with more recent observations, he had before him 
the objects which have since been described as micrococci by other 
authors, and he must therefore be regarded as the discoverer of these 
bodies. 

In my first paper on the pathology of contagium, published in 1870,f 
I gave an account, accompanied by a woodcut, of certain bodies to which 
I assigned the name of microzymes, the presence of which I found it 
was usually possible to demonstrate in vaccine liquid. I was not able, 
however, to assert that their presence was or was not essential to the 
infective activity of the virus. About the same time Professor Klebst{ 
described them in his Handbook of Pathology. ‘Two years afterwards 
the subject was treated with much more completeness in its morphological 
aspects by a distinguished botanist, Professor Ferdinand Cohn§ of Breslau. 
His observations related both to vaccine and variolous lymph, and led to 
the interesting discovery that the organisms which I had described in the 
former are also found in the latter, and present characters so entirely 
similar that it is not possible to draw any distinction between them, 
either as regards form or development. I reproduce in full the account 
he gives of them as seen in fresh vaccine lymph. ‘Such lymph is 
“ always found to be filled with spheroidal corpuscles, which although 
‘“* they exhibit molecular motion have no motion of their own. They are 
“ extremely small, and in their reaction on light differ little from the 
“ serum in which they are suspended, on which account they are easily 
“ overlooked. They can be made ont with perfect distinctness under an 
“ immersion lens of high power if the illumination is favourable, but 
“‘ without these advantages it is difficult to detect them. Artificial light 
“ is preferable for the purpose to bad daylight. After they have been 
‘ once recognised it is possible to detect them with lower powers. It is 
‘* difficult to determine the diameter of the spheroids micrometrically. I 
“ estimate it at about three quarters of a micromillimeter (4535,”). In 
% addition to these, numerous larger more refractive bodies are found in 
“ the lymph, as regards which it is somewhat difficult to say whether they 
‘« are fat globules, or result from the further development of the others. 
“ Tt seems most probable that they are cells, each of which consists of a 
« dark central part surrounded by a membrane indicated by a clearer ring, 
“ an appearance often seen in stages of division. In perfectly fresh 
“ preparations most of the corpuscles are simple, others being joined 
‘together in pairs in a form resembling the figure 8. After the 


i a 
—_—_——_———. 


* Keber, Ueber die microscopischen Bestandtheile der Pocken-Lymphe. Virchow’s 
Archiv., Vol. XLIT. p.112. % 

+ Thirteenth Report of the Medical Officer of the Privy Council. 

t Klebs, Handbuch der Pathologie, Vol. I. p. 40. 

§ Cohn, Organismen in der Pockenlymphe. Virchow’s Archiy., Vol. LY. p. 229. 
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‘* preparation has been kept, the number of these double cells increases, 
* and soon chains of four begin to be distinguishable. ‘These chains are 
“ usually curved or in zigzag; their attachment one to another is 
“ evidently very slight, as they can readily be displaced. After one or 
“ two hours numerous necklaces. present themselves, usually of eight 
“ joints, which are even more readily broken up than the others. To 
“this displacement the groups are to be attributed ; of these some 
“ resemble sarcine, but it is to be observed that no true sarcine showing 
“ crucial division present themselves. Obviously the very rapid and 
“ uninterrupted multiplication of the spheroids takes place by a process 
“ of repeated transverse division, in which the septa are parallel, so that 
‘‘ the resulting daughter cells are arranged in necklaces like the spores 
“ of apenicillium. In consequence of their very slight attachment to 
“ each other it is only at the beginning that the original grouping, due 
““ to their mode of development, is traceable. After a few hours’ obser- 
* vation they are seen to be all aggregated into irregular colonies or 
‘¢ clumps, each consisting of 16, 82, or more corpuscles. . . . . The mul- 
‘“ tiplication of cells lasts for several days, the aggregations becoming 
‘ Jarger and larger. Ifthe cover glass is slightly pressed, the groups 
“ separate and the individuals forming it become isolated. .... In 
‘“‘ capillary glass tubes the multiplication of colonies sometimes lasts a 
“ Jong time, so that they acquire considerable size and present themselves 
“ as floceuli. By the formation of mucus-like interstitial substance the 
“ corpuscles become intimately united with each other, the mass being 
“ converted into zooglea. When this is the case the size of the indi- 
* vidual cells increases, their contents becoming more refractive, so as to 
‘* resemble oil drops. As these agglomerations are apt to be encrusted 
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“ cate their origin become indistinct. It often happens that the changes 
“ described are associated with the appearance of acicular crystals 
“ resembling raphides.” 

Some months before the appearance of the paper from which the 
above description is quoted, Dr. C. Weigert* of Breslau published a short 
communication founded on the microscopical examination of the skin in 
persons who had died of smallpox, in which he stated that he had found 
the lymphatic vessels of the cutis plugged with a granular mass which 
exhibited all the characters of micrococci. These lymphatic vessels 
were met with for the most part in the tissue of the corium, underneath 
and around pustules in various stages of advancement. Here they in 
some cases occurred so constantly, that they could be found in every 
vertical section of the skin which comprised a pustule, though they were 
absent in others. In the more superficial layers of the corium, where 
they were most numerous, they often presented the appearance of a 
network. They were also found in the foci of corpuscular infiltration 
‘minute abscesses) which in smallpox occur in the corium in the neigh- 
bourhood of pustules ; here they for the most part accompanied the blood 
vessels around which the infiltration had taken place. It is of import- 
ance to observe that all the cases in which these appearances presented 
themselves, were of persons who had died early in the disease, not later 
than the sixth or seventh day. When, as usually happened, death had 
occurred at a later period, the micrococcus masses could not be distin- 
guished—a fact which Dr. Weigert was disposed to attribute rather to 
the effect of the very abundant corpuscular infiltration of the tissue in 
concealing them, than to their disintegration, or removal from the tissue. 





—; 


* Weigert, Ueber Bacterien in der Pockenhaut. Centralblatt 1871, p. 609. 
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It is further noteworthy that although many of the cases were markedly 
hemorrhagic, the filling of the absorbents with vegetation was not 
confined to these cases, and indeed presented itself most aehineky where 
this character was conspicuously absent. 

The fact that organisms of a particular form exist in the lymph of 
smallpox, taken in connexion with the occurrence of similar organisms 
in the channels of absorption leading from the pustules, suggests 
the probability of these having to do with the morbid process, but 
cannot be accepted as an adequate proof that they possess the 
property of reproducing or propagating the disease. For the 
establishment of such proof with respect to any contagium, it would 
have to be shown either that when deprived of its organisms, 
though otherwise unaltered, it is deprived of its activity, or that when 
the organisms are introduced alone, they manifest the contagious pro- 
perty “of. the liquid or tissue from which they were derived. An 
imperfect approach towards the first of these demonstrations was made 
in the experimental investigations set forth in my former paper; for it 
was shown that many contagious liquids lose their activity when they 
are deprived of the suspended particles in which whatever organisms 
they contain are included. ‘The second must, with our present means 
of observation, be regarded as impossible, on the ground that the bodies 
in question are so minute that there is not the slightest prospect of our 
being able to separate them in anything like purity. But here again 
methods of investigation may perhaps be within reach which, although 
they do not come up to the strict requirements of the problem, approach it. 
If in any disease capable of propagation by the insertion of a contagium 
containing recognisable living organisms, however minute, it were in 
our power to observe the behaviour of these organisms during and after 
the act of infection, even if it were impossible to separate them from 
the contagious liquid or substance along with which they were intro- 
duced into the body of the infected person or animal, we should be able, 
by comparing the transformations or other manifestations of vital 
activity in the lower organism or parasite, with the functional derange- 
ments and textural changes in the higher organism resulting from the 
infeetion, to ascertain with the utmost precision the nature of the 
relation, if any, between the two series of phenomena. 

As regards most infective or contagious diseases, such a method 
could not be applied, for we have no sufficient knowledge either 
of the door by which the contagium enters, or of its whereabouts 
in the organism after its entrance. In the case of smallpox these 
difficulties do not exist ; for even if it is not possible to state precisely 
how the contagium is distributed from its original place of entrance, it 
is sufficient to know that it localizes itself in foci, each of which serves 
as a centre of origin of a morbid process which is as complete in itself 
as if there were no other. If we could, imitating Dr. Weigert’s method, 
but carrying it out much further than he did, not merely search for our 

organisms at the sixth day, but at each successive period in the local 
process, from the first sign of functional disturbance in the rete Malpighit 
at the seat of the future papule, to the maturation of the pustule, and 
could trace the two developments—that of plant-life on the one hand 
and that of pathological and structural change on the other—going on 
side by side, and, as has been already explained, see that both were 
correlative maniiestations of the same action, the object would, as regards 


smallpox, be accomplished. But here we are met by an insurmountable 


practical difficulty. No opportunity is ever likely to be afforded us of 
investigating the pathological anatomy of smallpox in those stages about 
which it is most important to obtain information. 
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Happily comparative pathology affords us a means of circumventing this 
difficulty. In the sheep there is a disease which, as regards its origin, 
progress, and local manifestations, is the very counterpart of human small- 
pox. The virus of sheep-pox, as I had the opportunity of observing in 
1869, contains organisms similar to those of smallpox and vaccine. ‘The 
analogy therefore is complete, so complete, indeed, that whatever can 
be ascertained by observation as to the behaviour of the organism of 
sheep-pox within the body of the infected animal, or rather of the 
relation between that behaviour and the pathological structural changes 
which take place at each focus of infection, may be applied with the 
greatest confidence to the elucidation of the corresponding processes in 
the human disease. 

These considerations led to Dr. Klein’s being requested to undertake 
the investigation of which the results are embodied in his paper on the 
pathology of sheep-pox.* It will probably be admitted by most readers 
that even if the problem has not been completely solved, the investigation 
has yielded results of the highest pathological value. 

Besides smallpox and sheep-pox, two other diseases were mentioned 
as examples of the association of specific vegetable forms with contagia 
—relapsing fever and the splenic fever of cattle and of the horse. In 
the two following sections will be found a statement of what is known 
with reference to them. 


SPLENIC FEVER. 


The first infective disease in respect of which it could be asserted 
with anything like probability that a specific organism was present, 
either in the blood or tissues, was splenic fever. ‘The peculiar staff- 
shaped bodies which are apparently always contained in the liquor 
sanguinis in this disease were discovered in 1855, or perhaps earlier ; 
but their significance is still matter of dispute, there being great diffe- 
rence of opinion, even among those who admit that they are characteristic 
of the disease, as to the part they play in the morbid process. 

Before proceeding to discuss this question, it will probably be useful 
to give some account of the phenomena of the disease during life and 
after death. | 

In the works of systematic writers on veterinary pathology there is 
considerable obscurity as to the definition of the term splenic fever, or 
(to use the German and almost as familiar word) Milzbrand. 'This 
arises not so much from want of clearness in the language employed, 
as from the effort to unite a number of clinical forms under one noso- 
logical species, without perhaps always taking sufficient pains to distin- 
guish between what is essential and what is accidental. 

The most striking feature of the disease is its extremely rapid progress. 
Jn the most rapid cases, those to which all writers refer as “ apoplectic ” 
(although the term is far from being expressive of what is observed), 
the disease runs its course in afew hours at most. In the ordinary 
cases as they occur among cattle, it lasts a day or two, its course being 
more or less as follows :— 

An animal which perhaps for the previous day has declined food and 
shown signs of general disturbance, begins to shudder and to have 
twitches of the muscles of the back, and soon after becomes weak and 
listless. In the meantime the respiration becomes frequent and often 
_ difficult, and the temperature rises (Bollinger) to 3 or 4 degrees 
above the normal; but soon convulsions, affecting chiefly the muscles 
of the back and loins, usher in the fatal collapse, of which the progress 





* Dr. Klein’s paper will be found at p. 49. 
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is marked by complete loss of power of moving the trunk or extremities, 
diminution of temperature, mucous and sanguinolent alvine evacuations, 
and similar discharges from the mouth and nares. The visible mucous 
membrane, congested from the first, becomes intensely so as the disease 
progresses. 

In the horse the disease presents similar characters, but is much less 
acute. Partly in consequence of this, and partly as a result of the 
greater attention paid to the more valuable animal by veterinary prac- 
titioners, the local affection is more frequently recognised during life, 
so that the case is often recorded as of ‘‘ acute splenic tumour.” * 

Of the phenomena revealed by dissection, those which relate to the 
blood itself, to the circulatory and lymphatic systems, and to the spleen 
(which may be regarded as a part of both), are by far the most important. 
In the blood the relative number of the colourless corpuscles in all 
excepting the most rapid cases is very considerably increased. In the 
horse, in consequence of the usually longer duration of the disease, this 
increase is so great that the blood in some cases assumes the leuceemic 
character. The absence of coagulability and the general tendency, not 
only of the liquor sanguinis, but also of the corpuscles, to soak or squeeze 
through from blood vessels into all the cavities of the lymphatic system, 
whether serous or interstitial, shows itselfin the former, and particularly 
in the peritoneum, by the accumulation of large quantities of sanguino- 
lent liquid, by the intense congestion of the membrane, and by the 
innumerable hemorrhagic patches with which the congested parts are 
everywhere beset. In the subcutaneous, submucous, and subserous 
cellular tissue the same changes are in progress, though not in all 
directions in the same degree. Under the skin, infiltration of this kind 
often gives rise to localised swellings, which are apt to be called 
carbuncles. In the neck it surrounds the pharynx and larynx, and 
extends downwards by continuity of tissue to the anterior mediastinum, 
as well as among the muscles. In the abdomen it occupies the retro- 
peritonzal space, in which all the organs are similarly soaked with 
liquid, turbid from the presence of cor puscular elements and discoloured 
by altered blood. ‘To this condition veterinary pathologists have assigned 
the term typhous infiltration (gelbé sulzige Infiltration). 

Of the enlargement of the spleen nothing can be said, excepting that 
it is always observed, and that taken in connection with the “ infiltra- 
tion” of the connective tissue already described, it constitutes the most 
constant pathological feature of the disease. The enlarged spleen when 
examined in acute cases is soft and soaked with blood, its capsule often 
appearing to be distended. in more protracted cases it acquires 
greater firmness, but does not at first diminish in size. Nothing is 


. known, so far as I am aware, of the structural changes which take place 


in the splenic tissue, except in so far that even in the acute forms there 
is reason for believing that the augmentation of volume is not entirely 
the result of hyperemia, but is also due to the multiplication of the 
elements of which the organ is composed. 

Finally, in the digestive canal generally, and particularly in the 
fourth stomach and duodenum, there is usually extreme congestion of 
the surface and sero-sanguinolent infiltration of the mucosa. In bovine 
animals this condition extends along the whole course of the intestine, 
so that it Is common to find its whole cavity filled with dark blood- 








* Bollinger, Zur Pathologie des Milzbrandes. Munich, 1872. The above descrip- 
tion is chiefly founded on the clinical observations contained in this work. The 
symptomatology of the disease is also fully given in Prof. Kordngi’s article in the 
Handbuch der Allgem. und speciellen Chirurgie, Vol. I. eee thy Ps 149. 
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stained liquid. But in the horse the process is localised in particular 
places. A favourite seat of these so-called typhous or carbuncular 
infiltrations of the mucous membrane is the pyloric end of the stomach 
and the adjoining part of the duodenum; here foci of infiltration may 
be recognised, even before the viscus is opened, by the patches of dark 
lividity of the serous membrane, and by the enormous thickening of parts 
of the wall of the organ which correspond to them. If they are cut into 
when of recent origin, the intensely congested infiltrated masses are 
found to be beset with extravasations; eventually the central part of 
each focus is converted intoa slough, which on separating, leaves behind 
it a slowly healing ulcer, often termed “ typhous” ulcer. The so-called 
carbuncles which occur in gplenic fever in the horse owe their origin 
to a similar process. ‘That is, they are to be regarded not as “ localiza- 
tions” of the disease, but as parts of the skin of which the con- 
dition differs from the rest merely in the degree of intensity. They are 
often followed by sloughing of the subcutaneous tissue, with which the 
general infiltration manifests itself. Among cattle “carbuncles” are 
rarely met with, so that although one of the names by which the disease 
is most frequently designated is derived from them, they are by no 
means characteristic of it.* 

The discovery that in the blood of animals affected with splenic fever 
rodlike bodies are found in the liquor sanguinis, was first, I believe, 
made by Pollender,t who in the year 1855 described them as “fine, 
** apparently solid, straight, unbranched objects from 7,” to 5hy’” 
* in length and 54, ” in width.” He noted that they possessed no 
proper motion, differing in this respect from ordinary bacteria. 
The question of their nature as well as that of their relation to the 
contagion of the disease was left open. 

A year or two after the publication of Pollender’s paper, Brauell t 
published the first of his very extensive series of researches on the 
contagion of splenic fever, in which he not only confirmed Pollender’s 
discovery, but by experiments in which he communicated the disease to 
animals under a great variety of conditions, acquired for pathologists 
the greater part of the accurate knowledge they now possess on the 
subject. He contented himself, however, with demonstrating that the 
organisms found in the blood in splenic fever were characteristic of 
the disease, without maintaining that they were or that they were not 
the causes of its virulence, and indeed was disposed to attribute more 
importance to them as diagnostics than as agents in the morbid 
process. ; 

Three years later the bodies in question were re-discovered by 
Delafond and Davaine, who in claiming a priority which did not belong 
to them, no doubt did so in complete ignorance of the good work that 
had already been done so well in Germany. 

The characteristics of the rods have been recently given by Bollinger 
on the basis of observations made expressly for the purpose as follows :-— 
The splenic fever bacterium measures usually from 7 to 12 micromilli- 





* The best account of the pathological anatomy of splenic fever is to be found in 
wrickmiiller’s Lehrbuch der pathol. Zootomie, Vienna, 1869, p. 260 et passim. 
The details are founded entirely on origina! observations. 

+ Pollender, Microscopische und microchemische Untersuchungen des Milzbrand- 
~ blutes. Caspar’s Vierteljahrschr. f. gerichtliche und 6ffentliche Medicin, Vol. XIII. 
p. 103. 

t Brauell, Versuche und Untersuchungen betreffend den Milzbrand, Virchow’s 
Archiv., 1857, Vol. XI., p. 132. Weitere Mittheilungen itber Milzbrand. Virchow 
Vol. XIV. p. 482. 
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Avp.No.1. meters (= x39” to gagy”) in length, so that it is about as long 
On Pathology of 98 the width of a coloured blood corpuscle. Its width scarcely admits 
the Infective of measurement.* 

De tae Along with the rods separate cocci are always to be found in the 

Sanderson, liquor sanguinis, which are regarded by Bollinger as certainly in organic 
continuity with them. ‘The rods are entirely destitute of proper move- 
ment. In the fresh state they appear to be homogeneous, but after they 
have been acted on by water, or are beginning to be altered by the 
commencement of putrefactive change, it is seen that each rod is made ~ 
up of spheroids, each spheroid consisting of a central darker part with 
a more transparentenvelope. The most remarkable fact relating to them 
is that they disintegrate rapidly from the moment that the blood becomes 
putrescent. As they disappear, the actively moving rods and spheroids 
which indicate the commencement of the septic process take their 
place, but there is no continuity of development between the two kinds 
of organisms. 

Conditions of The following are the most important facts relating to the contagion 

Cfaplonicizrer® of splenic fever which have been ascertained, either as the result of 
clinical or experimental inquiry. 

1. The disease may be communicated by any means which involves 
the transference of a portion of the blood of a diseased animal to the 
living tissue of an animal previously healthy. It is not known that it 
can be propagated by any other way, for animals kept in the closest 
proximity to diseased ones, and placed under the most favourable 
conditions for infection through the air, are not infected. 

2. Although the blood of animals affected with splenic fever always 
contains the staff-shaped bodies if it is examined at a sufficiently ad- 
vanced period, the disease can be communicated by the inoculation 
of blood in which these bodies are either not present, or at all events 
not in such numbers as to admit of their being made out microscopically. 

This was originally stated by Brauell, and has been recently confirmed 
by Bollinger as the result of experiments made expressly for the pur- 
pose of arriving at a definite conclusion on the subject. He found that 
the staff-shaped bodies were just as numerous in the animals infected 
by the injection of blood which was free from organisms as in others. 
In order to use this fact as a means of judging in how far the staff- 
shaped bodies take part in communicating to the blood its contagious 
property, it is necessary to bring to bear upon it what we know as to 
the relation of other organisms of the same class to the liquids in which 
they are produced. Tt has been proved experimentally that two liquids 
of the same chemical constitution, and placed under exactly the same 
conditions (i.e. both completely protected from external contamination), 
may stand in an entirely different relation to the ordinary bacteria which 
pervade all aqueous media, the difference consisting in this, that whereas 
one of the liquids is proved to be prone to the breeding of bacteria by their 
appearing in it as if spontaneously, the other may be kept for any length 











* The existence of the rods as a characteristic of the circulating blood in 
animals affected with splenic fever is a fact now admitted by all pathologists who 
are conversant with the disease. It is, however, remarkable (and at first sight diffi- 
cult to undestand) that many observers have expressed doubts as to their being 
organised living beings. Thus Leisering (Bericht iiber das Veteriniirwesen im Kénigr. 
Sachsen, 1862, p. 29, reported in Canstatt’s Jahresb. for 1863), at first took them for 
fragments of fibrin or for bits of tissue (Gewebestriimmer). F. Miiller (Physiol. der 
Hanssiiugethiere, Wien, 1862, p. 163), thought that they were blood crystals. The 
statement made by Bruckmiiller, and repeated by others (1. c. p. 261) that Virchow 
regarded the bacteria of splenic fever as blood-crystals, appears to be an erroneous 
one founded on a misquotation of an oral communication. 
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of time without such development taking place. The difference between 
the two liquids (both of which are, of course, supposed to be placed 
under circumstances favourable to the growth of bacteria), or rather 
between the properties which they severally manifest, is usually desig- 
nated by the terms sterile and fruitful, of which the latter denotes that 
the liquid to which it is applied contains something which although 
imappreciable by the microscope, is already in organic development. 

As regards the rods of splenic fever, it is not only possible but much 
more probable than the contrary, that the case is similar. Without 
attempting to arrive at a conclusion as to the form in which the organ- 
isms conceal themselves, it is sufficient to know that the fact of their 
absence in liquids of proved virulence is in itself no ground for refusing 
to admit either that they themselves are the contagium, or are concerned 
in its production, provided that other reasons exist for believing that it 
is so. It has been sought to demonstrate this in two ways—on the one 
hand, by separating the rods from the liquid and determining their 
pathogenic properties by experiment, and on the other, by testing the 
activity of the liquid after the rods have been removed from it by some 
process of filtration. The first of these methods, that employed or rather 
attempted by Davaine and the French experimenters, has led to no 
result; and it is difficult to see how it could yield any, first, because 
complete separation of such organisms from the medium in which they 
are contained is impossible, and secondly, because in the very act of 
filtration the organisms themselves would probably undergo such changes 
as would entirely alter their properties. If, as is probable, the activity 
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anticipate that they would continue to manifest that activity when “ out 
of their element,” still less that it would show itself in any descendants 
or progeny obtained from them by cultivation. ‘The cther method has 
been used by Klebs and Tiegel.* These observers have found that just 
as it is possible to separate the bacteria contained in ordinary septic 
products frem the hquid in which they are suspended by filtering them 
under pressure through a stratum of porous porcelain, the same method 
can also be successfully applied to blood containing the rods of splenic 
fever. The result of the experiments, which it must be admitted were 
not so frequently repeated as could have been wished, was that the 
filtrate of blood (or rather the liquid of the spleen of a diseased animal), of 
the virulence of which experimental proof had previously been obtained, 
was found to be incapable of communicating the disease. Clearly there 
is no proof in this fact that the contagium of splenic fever is exclusively 
contained in the rods ; but there is proof in it that the agent is, as we 
believe all other contagia are, a body which is incapable of solution or 
diffusion, and which attaches itself to concrete particles. An additional 
and to my mind a more satisfactory proof of this lies in the remarkable 
observation made by Brauell, that when pregnant animals are affected 
with splenic fever the blood of the embryo is not contagious. Brauell 
found in repeated trials, that in such animals, blood from the feetal 
circulation could be inoculated without results. Here the placental 
apparatus serves not merely as a filter but as a diffusion cell, keeping 
back not merely solid particles, but everything which is not capable of 
passing through animal membranes. Splenic fever is so incapable of 
being communicated, otherwise than by actual translation of blood, that 
the foetus is not infected by the mother. 

There are facts relating to splenic fever which show on the one hand 
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* Tiegel, Die Ursache des Milzbrandes. Arbeiten aus dem Berner patholog. 
Tustitut, ‘herausgegeben yon Prof, E. Klebs, 1873, p. 136. 
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that the contagious property, as it exists in the circulating blood, is very 
transient, and on the other that there must be a form or state of the 
contagium in which it is remarkably persistent. ‘The first of these is 
proved by Professor Brauell, who having discovered, as has already 
been mentioned, that the blood lost its activity from the moment that 
it began to show signs of putrescence, made comparative experiments 
for the purpose of determining at what period after death this took 
place, and found that after 83-5 days it had lost its activity. He also 
observed that as soon as the blood began to change, the motionless rods 
became (as he supposed) transformed into actively moving bacteria. 
On this point, almost the only one in respect of which his observations 
appear to have been inexact, he has been corrected by later observers. 
As has been already stated, there is no organic continuity between the 
two successive developments. The ubiquitous septic bacteria cannot be 
regarded as the progeny of their pathogenic predecessors. 

That the contagium must have a state of existence in which it is in 
the highest degree resistant is obvious from what is known as to the 
distribution of the disease among cattle. On this subject observations were 
made and collected by Heusinger * more than 20 years ago, showing how 
the contagium may take up its residence in very limited localities, 
betraying its presence only at long intervals by the occurrence of a fresh 
case. A very remarkable series of observations has been published by 
Bollinger in his work already so often quoted. ‘The author relates the 
history of what may be called a stable enzootic of splenic disease, which 
lasted from August 1868 to February 1872. During this period more 
than 10 cases occurred at intervals at one stable, situated in the middle 
of the village of Werikon, not far from Ziirich ; no cases presented 
themselves anywhere else in the village or neighbourhood, although 
the stable in question was (as usual in Swiss villages) closely surrounded 
by others. In whatever form, the contagious agent must have remained 
latent in the stable during the whole period. 

The general fact of which this particular instance is the representative, 
has long appeared difficult to explain. How does it happen that an 
acute contagious disease of which the only known mode of transmission 
is by inoculation, and of which the duration is so ephemeral, does not 
perish out of existence ? Clearly it inevitably would do so, had it not 
some other as yet unknown means of perpetuating itself. What this 
means is it would be too bold to conjecture. I have elsewhere given 
reasons for thinking that the faculty which various contagia possess of 
maintaining their activity outside of the body, is more easily explained 
asa function of life and organisation resident in the contagium itself than 
any other way. 

One of the strongest reasons which can be adduced for thinking that 
in the present instance the rods are concerned in the morbid process, is to 
be found in the fact that like the contagious property they may be 
supposed to represent, they are very fugitive, and in particular, that like 
it and along with it they disappear at the moment that putrefaction 
commences. It is therefore not possible to refer to them as contrivances 
suited for the storage of contagium, or for its conveyance toa distance, 
for either of which purposes they are obviously unfit. This very 
consideration, however, can I think be made to appear rather as an aid 
to our understanding of the relation between organisation, or rather 
living organic form, and contagion than as a difficulty or objection. For 
if we turn from the specific form to what we know about the development 
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* Heusinger. Die Milzbrandkrankheiten der Thiere und des Menschen. Erlangen 
1850, p. 345. 
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and life history of common bacteria, and indeed of the beings belonging 
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plication of individuals and the individual life is extremely short, another 
in which the vital activities of the organism are stored up for the future, 
the individual being for this very end endowed with the power of resisting 
external disintegrating agencies, and thereby of enduring for an indefinite 
period. 

The common ubiquitous bacteria, those which are concerned in 
putrefactive changes, are known to be in their ordinary active state 
easily destroyed. ‘Thus they are unable to survive complete desiccation, 
or a temperature higher than 80° C. On the other hand, it is equally 
well ascertained that masses containing bacteria are not deprived of the 
power of originating new generations of these organisms by heat, unless 
they are either subjected to a temperature considerably higher than that 
of ebullition, or boiled for a very long period. ‘The reason of the apparent 
discrepancy is to be found in the fact that the bacteria have two modes 
of existence, the one characterized by permanence and resistance, the 
other by rapid development and short duration ; that in all bacteria 
masses which have the power of resisting high temperature, e.g., 10 
cheese, there exist, in addition to the ordinary forms of readily killed 
bacteria, other living particles of more stable structure. 

The properties of such bodies, to which Professor Cohn assigns the name 
of lasting spores (Dawersporen), are only just now beginning to occupy 
the attention of mycologists. I have referred to them here in order to 
show how completely the biography of a schizomyces represents all the 
phases of the process of contagion. 

During the last few years the pathology of splenic fever has acquired 
an even wider interest than it had before, from the publication of a series 
of cases of a rapidly fatal disease affecting the human subject, which 
presents the characters of splenic fever, and turns out on investigation to 
be identical with it. The first of these cases was published by Professor 
Buhl * at Munich in 1868. It is that of aman aged 32, who died after a 
very short illness, of which the chief feature was rapid collapse with 
vomiting. After death the stomach and duodenum exhibited a number of 
circumscribed foci of infiltration with intense congestion, and extravasa- 
tions of blood in the infiltrated tissue. The spleen and the lymphatic 
glands in relation with the affected parts were enlarged, and the perito- 
neum was fullofliquid. The etiology of the disease, 7.e., the origin of the 
infection, was not recognised, but it was found that the foci of infiltration 
were infested by masses of organisms, which according to Bollinger, who 
was present at the examination, exhibited the character of the rods of 
splenic fever. The same structures were found in great abundance in the 
blood of the portal system. In other parts of the circulation the rods 
were absent, but spheroidal corpuscles occurred which were described as 
conidia. 

The affection was termed by Buhl “mycosis intestinalis.” Shortly 
afterwards two other cases were recorded by Professor Waldeyer, now 
of Strasburg.t In one of them, that of a slaughterer, whose occupation 
pointed to the source of infection, the nature of the disease was suspected 
during life. After death the suspicion was confirmed by the complete 











* Buhl, Mycosis intestinalis. Centralblatt, 1868, p. 3; and Zeitschr. f. Biologie, 
1870, p. 129. Bollinger, loc. cit. p. 114. 
+ Waldeyer, Ueber Mycosis intestinalis. Wirchow’s Archiv. Vol. LII. p. 541, 
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correspondence of the lesions with those of splenic fever in the horse. As 
in Buhl’s case the microscopical investigation showed that masses of — 
zooglca existed in the affected tissues, and that rod-iike microzymes were 
to be found in the circulating blood, particularly in that of the portal vein. 
Other cases soon followed, all rapidly fatal, and all exhibiting pathological 
appearances of the same kind, the most constant being the enlargement 
of the spleen, and the circumscribed hemorrhagic infiltrations of the 
intestines, resulting in more or less extensive sloughing of the mucous 
membrane, and associated with serous exudations, infiltration of the 
subserous tissue, and hypereemic enlargement of the lymphatic glands in 
relation with the infiltrated parts. 

Whatever doubt remained as to the identity of mycosis intestinalis with 
splenic fever was removed by the appearance of a communication by Dr. 
Minch of Moscow,* who was able to state from the results of his own 
dissections in the “ Workman’s Hospital ” at that place, that in all the cases 
in which he had oceasion to examine the bodies of men who had died of 
disease contracted by infection from animals, the intestinal lesions and 
the condition of the other internal viscera corresponded closely with those 
described by Buhland Waldeyer. In commenting on this paper, Bollinger 
points out that in Heusinger’s great work on splenic fever, a whole series 
of cases of communication of the disease to man are recorded, in which 
the appearances after death corresponded with those which have been 
described, and that in these, as in those recently recorded by Minch, the 
primary pustule (pustula maligna) at the seat of inoculation, often sup- 
posed to be the one pathognomonic lesion of splenic fever in man, was 
by no means a constant feature. Out of 28 cases reeorded by Munch 
(1867-71) seventeen exhibited a primary pustule, which in all but two 
was carbunculous.. But in the other 11 cases, there was nothing whatever 
to be found on the skin. 

As regards the morphological relations of the organisms found in 
mycosis intestinalis with those of splenic fever, further investigation is 
required. So far as the former have been described they agree com- 
pletely with the others, as may be readily seen by comparing the draw- 
ings of Wagner,} taken froma case of mycosis, with Cohn’s or Bollinger’s 
representations of the “‘ rods” of splenic fever. 

The identity of the two forms being admitted, Buhl’s and Waldeyev’s 
anatomical investigations afford a key which was before entirely want- 
ing, to the understanding of the so-called “localizations” of splenic 
fever. This key consists in the demonstration that the “ salzige 
Infiltration,” of which we read so constantly and repeatedly in the 
descriptions of the veterinary pathologists, is a process of which it is 
the characteristic that the tissues of the infiltrated part become infested 
by myriads of microzymes of a particular kind, so that the presence of 
these bodies is as much a part of the process as the emigration of the 
colourless corpuscles from the blood vessels is a part of ordinary 
suppuration. . 

Further than this it is not possible to go, until the initial stages of 
the process, the early structural changes, have been investigated in the 
lower animals. For this investigation the field is open, and it is in the 
highest degree desirable, in the interests of humanity, that it should be 
undertaken. ‘The material is abundant ; what is required is that the 
highest pathological knowledge and anatomical skill should be employed 
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* Minch, Mycosis intestinalis und Milzbrand. Centralblatt, 1871, p. 803. Heu- 
singer, loc. cit., p. 597. 
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in its investigation. If this is done results of the greatest value may be 
confidently anticipated. We may hope thereby to acquire a knowledge 
of one more of those malignant processes by which acute disease destroys 
human as well as animal life, processes of which we may be perfectly 
certain that their danger is in proportion to our ignorance of their 
nature. 


Relapsing Fever. 


In the epidemic of relapsing fever which prevailed in Berlin from 
November 1867 to May 1868, Dr. Obermeier, whose attention had been 
called to the question of the relation between specific organic forms and 
contagia by the publications of Professor Hallier, investigated the blood 
microscopically in 82 cases. In general the results were negative. In 
some cases, however, he noted appearances of which he did not at the 
time understand the full significance, but was prevented from investiga- 
ting the subject further by the cessation of the epidemic. 

When relapsing fever again appeared in Berlin in 1872, the inquiry 
was resumed. In the very first case which was investigated, the bodies, 
to be referred to in the following paragraphs as spirilla, were discovered 
in the blood. His first communication on the subject to the Berlin 
Medical Society* was based on 12 cases, in all of which the organisms 
were observed. On the 26th of March Dr. Obermeier published a 
second series of observations; 20 new cases had been investigated, in 
nine of which the blood had been examined daily. The results of these 
examinations showed that the presence of the organisms in the blood 
was associated with the morbid process so elosely, that as soon as the 
pyrexia disappeared they disappeared with it, reappearing when the 
patient again fevered in the relapse. 

Soon after the death of Dr. Obermeier in August 1873,{ a third series 
of observations were communicated by Dr. Engel to the Berlin Medical 
Weekly Journal.§ They were founded on the examination of the blood 
in 18 cases in the Charité Hospital at Berlin, under the care of Professor 
Frerichs. ‘They confirmed in every particular the statements of Ober- 
meier, deriving additional value from the exact observations they con- 
tained as to the time which intervenes between the onset of pyrexia 
and the first appearance of the organisms. 

During the same year the epidemic prevalence of relapsing fever in 
Breslau afforded additional opportunities for investigating the subject. 
The first results of these inquiries were communicated by Dr. Weigert 
to the medical section of the Silesian Scientific Society on September 12, 
1873.|| The morphological and botanical characters of the organisms 
were subsequently determined by Professor Cohn, who was sy 
kind enough to send me the sketch of which the woodcut 
isacopy. The clinical relations of the subject have been % 
since worked out by Dr. M. Litten in a report on the : 
epidemic, founded on observations in the Allerheiligen swe 3 
Hospital in Breslau. Of this report I subjoin an abstract.4] 








* Report of the meeting of Feb. 26,1873. Berlin, klin, Wochenschrift, 1873, 
p. 152. 


T l.c., p. 391. 

t Dr. Ghahatia died of cholera while engaged in his scientific investigations. 

§ Engel, Ueber die Obermeierschen Recurrens spirillen, |. c., p. 409. 

|| Berlin. klin. Wochenschrift, 1873, p. 589. 

4 Die Recurrens-Epidemie in Breslau im Jahre 1872-73, ven Dr. M. Litten 
Assistenzarzt am Hospital zu Allerheiligen. r 
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The total number of cases observed by Dr. Litten was 448. Of 400 


On Pathology of Which were carefully recorded, 434 per cent. had two paroxysms, 35$ 
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had three paroxysms; in six out of the 400 cases (14 per cent.) there 
was only one attack, in seven cases there were four, and in three five 
attacks, This leaves 17 per cent. of the cases unaccounted for, in 
which the course of the disease was insufficiently determined. 

The mean duration of each paroxysm and intervening period of 
pyrexia is expressed in the following numbers. ‘The mean duration of 
the first attack was 6°6 days, of the second 4:9 days, of the third 3°1 
days, of the fourth 3°1 days, and of the fifth 2°3 days. The mean 
duration of the period between the first and second attack was 8 days, 
that between the second and third 9 days, between the third and fourth 
6°3 days, between the fourth and fifth 8°3 days. 

During the paroxysms, the pyrexia for the most part exhibited an 
intermittent type, in which the morning and evening temperatures dif- 
fered from each other so much, that the case resembled one of quotidian 
ague. In many of the cases the temperature rose a degree or two before 
the critical fall, the rise being accompanied by a shivering of consider- 
able duration, followed by profuse sweating. In the majority, however, 
the temperature began to sink before the sweating came on. In addi- 
tion to the ordinarily observed critical phenomena (sweating, epistaxis, 
vomiting, diarrhoea, deposit of sediment in the urine, &c.), the crisis 
was accompanied in seven cases by a herpetic eruption about the lips 
and nose. 

The course of the disease as regarded variations of temperature cor- 
responded exactly with those usually observed in relapsing fever. There 
were, however, some cases in which irregular paroxysms presented 
themselves. This happened particularly among those patients in which 
the intensity and duration of the fever gave ground for alarm, although | 
there were no complications. In addition to these there were other 
cases in which the disease beginning as relapsing fever assumed even- 
tually a distinctly tertian or quotidian form (p. 288), the patients having 
been previously exposed to malaria; and here it was most interesting to 
observe that the spirilla, which had been constantly found during the 
true relapses, were not present during the ague paroxysms. ‘The author 
records temperature curves of several cases illustrative of these facts. 

Of the pathological signs of the disease during life, the enlargement 
of the spleen was the most constant. It was present in 96 per cent. of 
the cases, and could be detected much earlier in the disease than is 


_ possible in typhus or intermittent. The diminution of the splenic 


tumour did not take place until some days after each crisis, but the 
increase began from the very commencement of each relapse. The 
swelling was always attended with pain in the left hypochondrium ; the 
pain was increased in inspiration. In some cases the enlargement of 
the spleen was accompanied by a corresponding enlargement of the 
liver, the duration of which was similar. 

The most frequent complication in the epidemic was bronchial catarrh. 


It occurred mostly at an early period in the disease, often as soon as the 


second or third day, whereas in typhoid it usually does not happen till 
the beginning of the second week. In some cases it was attended with 
cedema of the lungs, which in two weakly old persons terminated fatally. 
True croupous pneumonia occurred in 28 cases, of which 17 were one- 


‘sided, 11 double. The access of the complication was marked in the 


younger patients by rigors. In all of these cases the sputa were 
characteristic, and the physical signs were those of genuine lobar 
pneumonia. Of the 28 cases, of which 23 were fatal, the attack hap- 
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pened in 11 during the second interval of apyrexia, and in 8 during the 
first. 

Most of the patients suffered during the paroxysms from headache 
and giddiness; some were somnolent and unable to answer questions ; 
others talkative, but answered rationally when spoken to. In some 
cases with very high temperatures (42° C.) there were no marked 
symptoms of cerebral disturbance. 

Pains in the joints were a frequent complication, and often lasted for 
some weeks after the decline of the disease. Usually, however, they 
were experienced only during the paroxysms. Still more constantly the 
patients suffered from severe pains in the muscles, affecting either 
groups of muscles or the whole muscular system. The author dwells on 
the painful and distressing character of this symptom as experienced 
by himself. It usually declined during the apyrexia, recurring with 
ereater intensity in the relapse. ‘The muscles usually affected were 
those of the neck and lower extremities. The spirilla could not be 
detected in the muscular tissue. 

Of the 448 cases observed, 82 died (7°2 per cent.), five in the first 
apyrexia, eight in the second paroxysm, 15 in the second apyrexia, and 
the remaining four in subsequent stages. With reference to the direct 
causes of death, 23 were attributed to pneumonia, as above stated ; five 
persons died without complications at the height of the fever, no direct 
cause of death being made out at the autopsy. 

Dr. Litten begins his history of the epidemic with a very complete 
account of the earliest cases, and of their relation with each other. ‘T’he 
first person attacked was a female tramp, who came to Breslau from 
another district (Neisse), in which no previous case was known to have 
occurred, lodged for the night in a Refuge, and took ill on the following 
day. ‘The second case was that of a woman who had slept in the next 
bed to the other. Both patients in succession were admitted into the 
Allerheiligen Hospital, soon after which a woman convalescent from 
erysipelas, who occupied the next bed to one of the patients, anda nurse 
were attacked. A married sister of the nurse and three of her children 
subsequently became ill. In the meantime a separate focus had esta- 
blished itself out of the town, ina hamlet called Wilhelmsruh. Here 
14 persons, belonging to four families, all of which inhabited the same 
room, were attacked ; all the other inhabitants of the hamlet, although 
some of them occupied rooms in the same building, remained free. They 
were transferred to a previously unoccupied building which had just 
been opened as a Refuge in the town. Into this three other persons not 
affected with the disease were also received, of whom one only escaped 
infection. Several persons who left the Refuge became the centres of 
“tenement-epidemies” (Stuben Epidemien), in which as a rule nearly 
all the inmates of the invaded houses were attacked ; but the disease did 
not spread in localities from which the affected persons were removed. 

During the progress of the epidemic 21 persons, chiefly attendants, 
were attacked in the hospital, most of whom had not come into contact 
with the patients until the latter had been subjected to the warm bath, 
and had changed their ordinary clothing for that of the hospital. 

When a number of persons were attacked in one room there was 
always an interval of several days between the first and the second case, 
similar intervals also occurring as a rule between the succeeding attacks, 
so that each “tenement-epidemic” lasted several weeks.* Wherever 
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* In illustration of this the author gives a very striking table shewing the order 
in which the several members of the four families at Wilhelmsruh were attacked. 
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@ room was inhabited by several families it was observed that the persons 
belonging to one family (in other words, those who wallowed on one 
heap of straw) were attacked sooner than those belonging to others, 
even though they were in the same room, so that the attacks occurred 
more or less in groups corresponding to families. ; 

The author finds it impossible to regard poverty and want of food as 
the principal or only causes of the disease, and attributes its spread. 
entirely to personal contagion. He states that at the commencement of 
the outbreak no special conditions of the kind referred to existed. The 
harvest had been good, and if provisions were dear, wages were relatively 
high. Persons were attacked under circumstances altogether removed 
from those of starvation, and among the very destitute it was observed 
that many who had previously for months spent night after night in the 
open air, and had remained exempt from the disease, were very soon 
attacked when, in consequence of the opening of the new Refuge in the 
town, they were brought into close relation with others. 

In the distribution of the cases in those parts of the town in which 
they were most numerous, the only condition which seemed to have a 
distinct influence was overcrowding. The facts related show that 
during the winter in question this condition prevailed in Breslau to a 
frightful extent. 

Dr. Litten gives the following summary of his observations :—The 
spirilla of Obermeier are found only in the blood of persons affected 
with the disease, and present themselves invariably during the paroxysms. 
They are never observed during the interval of apyrexia. In more 
than 100 cases the spirilla were found without exception. In other 
patients affected with acute or other infective diseases, €.9., pheumonia, 
erysipelas, acute rheumatism, scarlatina, measles, typhoid, variola, and 
particularly ague, the blood was examined with negative result. Not- 
withstanding, however, that the spirilla occur so constantly during the 


‘paroxysms, they cannot usually be made out immediately after the 


commencement of the rise of temperature. Often 24 hours and some- 
times two or three days may elapse before they can be detected. 
Obvionsly the fact that in most instances they cannot be seen until 
some time after the first symptoms have manifested themselves, affords 
no proof that they did not previously exist. They invariably disappear 
before the critical defervescence, but not at any definite time ; sometimes 
they may be found immediately before the temperature falls, at others 
they cease to be visible a day before. If, as occasionally happens, there 
is a transient fall of temperature in the middle of an attack (pseudo 
crisis), the spirilla do not disappear. } 
Lhe number of spirilla found varies considerably. Whereas in some 
cases it is necessary to examine several preparations before a single 
example is met with, in others the field of the microscope swarms with 
them. It appears probable that the number diminishes as the paroxysm 
approaches its termination. The most striking fact in relation to them 
which presents itself to the observer is their uniformity in size and 
aspect. ‘Lhey form spiral fibrils of which the convolutions are ex- 
tremely small. That this spiral appearance is not a mere result of their 
motion is clearly shown by the observation that after all motion has 
ceased it is as distinct as before. Their motions are of three kinds. 
In the first place, they exhibit undulations which progress along the 
course of each fibril, and secondly, fiexions, occurring sometimes at one 
point sometimes at another of their axes ; thirdly, they are locomotive 
Both the locomotive and undulatory movements are very active, and are 
olten communicated to the corpuscular elements of the blood, so that it 
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sometimes happens that the presence of the bodies may be detected by 
the motions of the coloured disks, and particularly by a peculiar 
appearance of glistening undulation which courses over them, and is 
produced by the passage of spirilla above or below them. The other 
movement (of oscillation) is observed principally when the spirilla are 
becoming languid, as, for example, towards the end of a paroxysm. At 
the height of the pyrexia, on the other hand, the axis of each spiral is 
straighter, although the convolutions are quite as distinct, They often 
assume very peculiar forms, sometimes being in circles, se as to look 
like coloured blood disks, at others in figure of eight; at other times 
they attach themselves to each other in long chains which stretch over 
the whole field. Jn this last condition they do not exhibit active move- 
ment, but two spirilla so united are often seen to break away suddenly 
from each other, as if they were undergoing division. 

It is very easy to distinguish the spirilla from the fibrils of coagulating 
fibrin, from which they differ both in their greater delicacy and in their 
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mobility. Their spiral form alone is ue to make it easy to. 


recognise them. 

They can be best kept alive out of the body in serum. In a prepara- 
tion surrounded with oil the motions continue for 24 hours. In half 
per cent. solution of common salt they can also be observed for several 
hours, but eventually their motions decline and they become altered 
in appearance; the wavy spiral movement continues after all locomotion 
has ceased. On the addition of distilled water they die instantly. 
Solution of caustic potash not only arrests their movements but disse 
solves them. 

The influence of temperature on the movement was investigated with 
the following results :—On raising the temperature of the stage of the 
microscope gradually to 60° C. no effect was produced. As soon as this 
point was passed the movements became languid. By the time that 
65° was reached they had entirely ceased. No effect was observed on 
cooling the preparation to the temperature of freezing. When it was 
kept for some time on ice the movements eventually ceased, 

Observations were also made for the purpose of determining whether 
during the disappearance of the spirilla from the blood, ze. at the 
critical period of defervescence, they could be found in any other organ ; 
the results were negative. 

The presence of the large colourless transparent cells, described by 
Obermeier, Ponfick, and others as characteristic of relapsing fever, was 
observed in a good many cases. These cells are of very various form, 
the spheroidal being the most common. ‘Their size varies from twice 
to four times, or more than four times, that of a colourless blood cor- 
puscle. They are mostly beset with coarse strongly refracting granules. 
They were observed both during the paroxysms and the intermissions. 
Jn many of the cases the relative number of colourless corpuscles was 
obviously increased, 
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ADDENDUM. 


In the section of the foregoing paper relating to diphtheria, I stated 
that there were several pathologists who, on the ground of experiment, 
have come to the conclusion that the pathological process which is set up 
in the animal body by inoculating portions of diphtheritic concretion is 
not merely a mycosis, but the specific disease itself ; in other words, 
that the distinction between diphtheria as defined nosologically and the 
diphtheritic mycosis is not founded on any pathological difference. 

Of these observers, Dr. Letzerich,* of Braunfels (Nassau), and 
Dr. Oertel,t of Munich, are the most important. The former is the author 
of several papers on diphtheria, of which I give the titles in a note. 
These papers contain various observations relating to diphtheria as it 
presents itself clinically, which serve to illustrate the intimate associa- 
tion of the development of microzymes in the affected parts with the 
morbid process ; the author also records numerous experiments showing 
that when the disease is communicated by inoculation, its characteristics 
reappear in the infected animal, even those which belong to its more 
remote complications. Dr. Letzerich’s facts lose much of their value 
from their not being set down with that simplicity which ought to 
characterize all scientific writings. His papers, moreover, contain a 
great deal of questionable mycolog y, in which the patient reader is apt 
to lose himself in his search after objective facts. 

The mémoire of Dr. Oertel, published three years ago, also embodies 
anatomical and experimental investigations relating to the effect of 
inoculating animals with material derived from the larynx in cases of 
diphtheritic laryngitis in children. Like Letzerich, the author found 
that a disease having well-defined pathological characteristics, and in 
particular associated with nephritis, could be produced by such inocula- 
tion ; and further, that it could be communicated from one animal to 
another without losing any of its distinctive features. He further 
showed that the disease in question, whatever were the local peculiarities 
given to it by the tissue in which it was ingrafted, was always a mycosis; 
in other words, that all the “ localizations ” of the disease were associated 
with the presence in the affected part of innumerable microzymes. As 
regards the agents of infection, he concluded that their presence was the 
only constant characteristic of the contagion, for he found that the 
disease could be produced by the transference to the tissues of a healthy 
animal of even the smallest fragment of any diseased tissue, and that all 


diseased tissues contained microzymes in greater or less numbers. ‘The 


following short account of a series of experiments in which the disease 
was transmitted through five successions of animals, will enable the 
reader to form an estimate of the bearing and significance of the 
research. 

The material for the first inoculation was removed about 12 hours 
after death from the trachea of a child, aged five, affected with laryngeal 
diphtheria. It consisted of the usual cellular elements embedded in a 
fibrinous stratum, which was infiltrated with innumerable micrococci. 
Of this, three fragments as large as pinheads were introduced into the 








* Letzerich, Beitrige zur Kenntniss der Diphtheritis. Virchow’s Archiv, Vols, 
XLV... 327 ; XLVI, p. 229; XLVIIL., p. 516. Monographie der Diphtherie, 
Berlin, 1872. Die Entwickelung des Diphtheriepilzes, Virchow’s Archiv, Vol. LVIILI., 
p. 303 (1873). 

t Oertel, Experimentelle Untersuchungen tber Diphtherie ; Deutsches Archiy 
fiir Klin, Med., Vol. VIII, pp. 242-354, 
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trachea of a rabbit, which died about 36 hours afterwards with the  app,no.1. 
characteristic signs of croup, and exhibited in the air passages and in Pah ener 
other organs the pathological appearances to be immediately described. the Infective 
With the tracheal concretions of this animal a second rabbit was inocu- Progsses, by 
lated, and from that a third. The latter in its turn afforded material for Sanderson 
the inoculation of two pigeons, of which each served as a source of con- — 

tagion for two rabbits. Of these two pairs of rabbits, one pair were 

inoculated subcutaneously, the other two being infected by the injection 

of the virulent material in minute quantity into the larynx. In all, the 

results were similar, the pathological changes and symptoms being quite 

as characteristic in the last of the series as in the first. The following 

description is that of a rabbit which received the disease in the air 

passages after four previous transmissions, the immediate source of 

infection being a pigeon. 

The animal had died 96 hours after inoculation, the symptoms of 
laryngeal affection having lasted longer than usual. The tracheotomy 
wound had completely united, but underneath it there was a cavity lined 
with greyish material of pulpy consistence; the subcutaneous tissue of 
the whole body, excepting that of the back and neck, was infiltrated 
with sero-sanguinolent serum; and the subcutaneous lymphatic glands 
were enlarged and hyperemic. From the vocal cords downwards to the 
middle of the trachea, a tubular, whitish, tolerably adherent membrane, 
of about 2” in length and +,” in thickness, covered the mucous mem- 
brane. ‘This membrane was continuous by a narrow neck with a second 
membranous concretion, which extended over a great part of the larynx 
and the lower half of the epiglottis. In the kidneys, the epithelium of 
the convoluted tubes was swollen and granular, and in many instances 
detached. Masses of micrococci occupied the spaces between the glome- 
ruli and their capsules, and were also distinguishable in the tubes. 
Capillary hemorrhages presented themselves in great numbers in the 
intertubular tissue, and many of the tubes were choked with blood 
corpuscles. The muscular tissue—especially in the neighbourhood of the 
trachea— exhibited, in addition to germination of the interfascicular tissue, 
peculiar changes, which the author has examined into with great care. 
He finds that in all infected animals the contents of the muscle tubes 
look as if they had shrunk from the sarcolemma, and in doing so had 
split transversely into cylindrical fragments, between which the empty 
tubular sheath can often be distinguished. In the blood, micrococci and 
bacteria existed in enormous numbers. They were also present in the 
enlarged lymphatic glands, and indeed in all the affected tissues. 

The reader will observe that in the series of inoculations of which a 
summary has been given, several links in the chain of transmissions of 
the diphtheritic affection from animal to animal consist of subcutaneous 
inoculations. In the animals so infected, the changes in the blood and 
tissues which may be regarded as the signs of infection, were not distin- 
guishable from those observed when diphtheritic material was injected 
into the air passages, the only difference being that there was no laryn- 
gitis, In commenting on these experiments the author says :—“ The 
“‘ pathological process which results from the introduction of diphtheritic 
‘¢ material under the skin or into the tissue must be regarded as a truly 
“ specific one, excited by a contagium identical with that which is 
“ present in the concretions on the surface of mucous membranes. No 
“ such process can be induced in the animal organism by any putrescent 
“ or decomposing material. The general infection produced in the 
“ animal body by diphtheritic inoculation extends centrifugally trom the 
“ seat of inoculation through the tissues, and shows no preference for 
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“ any one organ in particular ; the participation of the kidneys, for 
‘“ example, being merely a result of the existence of the infecting 
‘¢ material in the circulating blood.” 

Here all turns on the statement which I have printed in italics. To 
prove this, Oertel’s experiments are insufficient. For the present the 
question whether or not the induced diphtheritic affection of rabbits 
is excited by a contagium identical with that of “ Diphtheria,” must 
remain open. 
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No. 2. 


REPORT ON THE PATHOLOGY OF SHEEP-POX, BY Dr. KLEIN. 


Variola ovina, or sheep-pox, is a disease which, although it is not 
communicable to man, and possesses a specific contagium of its own, 
very closely resembles human smallpox, both as regards the development 
of the morbid process and the anatomical lesions which accompany it. 
This correspondence is so complete, that it cannot be doubted that the 
pathogeny of the two diseases is the same. That is to say, that what- 
ever explanation can be given of the way in which the material cause 
or contagium produces its effects in the one case will also serve as a key 
to the understanding of the other. The present investigation was 
therefore undertaken in the confidence that the application of the 
experimental method to the investigation of the ovine disease, would 
not only yield results of value, as contributory to our knowledge of the 
infective process in general, but would throw special light on the 
pathology of smallpox. 

In the following pages I propose, after giving an account of the 
method of investigation employed, te describe, first, the microscopical 
characters of the sheep-pox virus, and to compare them with those of 
vaccine lymph. I shall then proceed to detail the results of my investi- 
gation of the pathological changes which occur in the affected parts of 
the skin. 


Section ].—Method of Investigation. 


The purpose of the inquiry being to determine the nature of the 
pathological process, of which the cutaneous eruption: is the most 
prominent, and probably the most important manifestation, it was neces- 
sary to examine the affected skin anatomically in all stages of the 
development of the disease. In order to obtain the material for this 
investigation, I communicated the disease by inoculation to a sufficient 
number of sheep. In this way I obtained specimens of skin, corre- 
sponding to each successive period in the development of the pustule, 
which had been removed from the animal in a perfectly fresh state. 
With the aid of the complete and continuous series of preparations of 
which I thus became possessed, I was enabled to study the process in a 
most satisfactory manner. 

The lymph used for inoculation was obtained from two sources,one 
quantity having been sent to me by Professor Chauveau, of Lyons, the 
second by Professor Cohn, of Breslau. In some of the inoculations 
the lymph was first diluted with from fifteen to twenty times its volume 
of half per cent. solution of common salt; in others it was used un- 
diluted. No difference was observed as regards the results between the 
diluted and undiluted liquids ; in all cases the instrument employed for 
insertion was a Pravaz syringe. 

- A drop having been drawn into the steel canula of the instrument 
(the width of which does not exceed a fortieth of an inch), it was passed 
under the surface of the skin, as in subcutaneous injection. In order to 
uvoid bleeding, great care was taken to direct the needle in such a 
- way that it penetrated the true skin as little as possible. Before dis- 
charging it, the canula was always slightly drawn back, so as to leave 
the channel previously made by its point free for the reception of the 
expelled liquid. It will be understood that in using a subcutaneous 
syringe for inoculation in the manner above described, the only part of 
the instrument which is occupied by the liqnid to be inserted is the 
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extremity of the steel tube ; the extremely small quantity of liquid 


which is thus employed is ejected at the desired moment by the com- 
pression of the air behind it. 7 

Although there can be no doubt that the nature of the pathological 
process in the skin is the same whether it is determined by the direct 
insertion of the virus into the affected part, or is conveyed to it by the 
circulation, yet it appeared clear that the value of the results would be 
impaired if the investigation extended only to the local effects produced 
by inoculation. I therefore felt it to be very desirable (considering it 
was out of the question to obtain opportunities of studying the disease 
as it occurs naturally) to induce it in a form resembling the natural one 
as closely as possible. 

Natural sheep-pox, as acquired by the ordinary modes of infection, is 
characterised by a general eruption, the first appearance of which is 
accompanied by an accession of fever. 

I had not only learned from my own observation that no general 
eruption could be induced by inoculation, but found on referring to 
authorities, that in those countries in which inoculation is carried on on 
a very large scale with a view to the protection of animals from attacks 
of the disease, it is extremely rare to meet with instances in which 
secondary pustules present themselves in addition to the primary one at 
the seat of insertion; it was therefore necessary to employ some other 
method. 

I fortunately succeeded completely in producing a general eruption by 
introducing the sheep-pox virus into the circulating blood. Having 
diluted the liquid with from fifteen to twenty times its bulk of the 
solution of chloride of sodium already referred to, I injected it directly 
into the external mammary vein of a healthy sheep. At the same time 
that this was done I inoculated the animal in the usual way, making in 
all ten insertions. My object in employing both methods simultaneously 
was, that I might utilise the animal to the utmost. I was desirous on 
the one hand to induce a general infection, and thereby a general 
eruption ; and on the other to obtain an additional supply of primary 
pustules for the completion of the investigations I had already made. 
T also thought it of great importance to compare the anatomical cha- 
racters of the primary and secondary eruption in the same animal. 

The injection and inoculation were performed on the 1st of April; the 
primary papules made their first appearance on the 4th. On the 7th 
several small secondary papules appeared on the lips and around the 
mouth, and increased rapidly in number during the succeeding three 
days. At the same time the eruption extended to other parts of the 
body, but the papules were most numerous in the axilla and on the 


belly. It is to be noted that the interval of time between the appear-. 


ance of the first and last papules of the secondary eruption was consi- 
derable, so much so that the pustules on the lips had already formed 
crusts at the time that the eruption was first visible in other parts. In 
this case, as in the others, the primary pustules were from half an inch to 
an incl and a half in diameter; most of the secondary ones did not 
exceed a quarter of an inch, but there were a few of those which 
appeared latest on the chest and belly which measured half an inch 
or more. 


section I].—Microscopical characters of Sheep-pox Virus.* 


Clear lymph, which had been kept for several days ina sealed capiiary 
tube, was diluted with thoroughly boiled half per cent. saline solution. 





* The description relates to a specimen of lymph sent by Prof. Cohn. 
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One portion of the diluted liquid having been reserved for further experi- APP. No. 2. 
mental inoculations, the remainder, which was intended for microscopical On the Con- _ 
examination, was found to contain the structures represented in Fig. I, * tsiumof Variola 


Ovina, by Dr. 
Klein. 





Fig. I. 


1. Transparent masses of various sizes, containing granules, some of 
which are small, pale, and indistinct, others large and shining. 

2. ‘Transparent spheroid bodies arranged in small groups composed of 
couples or necklace-like chains; each is bordered by a sharp line 
as if consisting of transparent contents enclosed by a membrane. 

3. Highly refractive micrococci grouped so as to form dumb-bells or 
sarcina or small colonies. 

4. Groups of decolorised blood-corpuscles, with micrococei occupying 
the interstices between them. 

5. Bacteria, of which the smaller ones correspond to Bact. Termo of 
Cohn. 

6. Colonies of Bacterium Termo. 

7. Micrococci mostly in couples or in small groups. Each spheroid is 
surrounded by a greenish envelope, or in some cases by what 
appears to be a thin membrane ; the couples, in consequence of 
their being united by a transparent connecting substance, resemble 
rods with terminal swellings; these bodies are about twice the 
size of the micrococci referred to above. 

8. Groups consisting of spheroids of two kinds, the larger corres- 
ponding with (2), the smaller with (3); on careful examination 
it is found that between the two kinds of bodies there are transi- 
tional forms, of which the characters are intermediate both as 
regards size and appearance. These groups appear to correspond 
to those figured by Cohn as microsphzra vaccine. 

In the same preparation after it had been kept at the temperature of 

incubation for 24 hours, the transparent masses referred to above (1), were 

found to have undergone the remarkable changes shown in Fig. II. 





Fig. I. 





* The reference numbers on the figure correspond to those of the paragraphs. 
D2 
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App. No.2 Under a high power it is seen that they consist of spherical granules 
‘On doit of different sizes arranged in rows, each granule being united to its 
togium of Variola successor by pale transparent substance, so that the whole appears to be 
Klein. ~Ssé‘mtacee:s of a feltwork of delicate granular filaments, among which 

separate granules are seen here and there. In preparations kept for 
48 hours the larger masses are seen to have broken up into smaller 
ones, in which the individual fibrils can be more easily traced, while the 
granules themselves have assumed characters which correspond to those _ 
of the micrococci (8), and pale spheroids (2) seen in the fresh lymph. 
This conversion of the granules contained in the masses into spheroids 
and micrococci, goes on for some days, so that these bodies multiply very 
considerably in the liquid. 


Examination of perfectly recent Lymph. 


A drop of lymph obtained on March 24th from a pustule of an animal 
that had been inoculated March 10th, was examined microscopically 
without dilution, and was found to contain, in addition to granular pus 
corpuscles and coloured blood corpuscles, numerous small highly refractive 
granules, either isolated or in couples, which exhibited molecular move- 
ment. After having been kept at 82° C. for 27 hours, it exhibited the 
following structures, (Fig. III.) in addition to those already mentioned :— 
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* 1, Pus corpuscles, of which the substance has become swollen and 
transparent, each containing from two to six homogeneous 
slightly refractive spheroids. These bodies, of which the 
diameter is less than half that of a coloured blood corpuscle, are 
also seen in considerable numbers in the. free state ; they possess a 
slightly greenish colour, and are perfectly homogeneous, differing 
in both of these respects from nuclei of pus corpuscles. When 
not enclosed in pus corpuscles they occur either isolated or in 
couples; in form they are usually spheroidal, but are occasionally 
oblong, showing amore or less marked constriction in the middle. 
Along with these, other forms exist, in which it can be made out 
that the body, if a spheroid, consists of a highly refractive smaller 


The numbering of the paragraphs corresponds as before, to that of the Fig. (III.) 


granule (micrococcus) contained in a transparent envelope ; or if APP. No.2. 
oval or rod-like, of two such granules held together in a similar on the Con-’ 
manner, Between these and the free micrococci to be imme- eum or Variola 
diately described, it is easy to observe the transition. Klein. 
2. By the repeated division of the spheroids above described, the dumb, 
bells and necklaces shown in the figure * are formed ; the con- 
stituent micrococci of the necklaces are held together by a con- 
necting transparent substance. Sometimes they are all of the 
same size, but more frequently one is larger than the rest, and 
presents the appearance of a greenish transparent pear-shaped 
body, which may or may not contain a highly refractive granule. 
The necklaces, which have grown to a great length aa have 
become much convoluted, are “apt to break up into shorter chains, 
forming 
3, Groups from which the free ends of the filaments project. By the 
coalescence of these groups of convoluted chains, colonies, con-~ 
sisting of micrococci closely packed together, are produced, 
which correspond in appearance to the Zooglea of Cohn ; these 
colonies are often connected together by 
4, Long filaments, some of which still show a necklace-like structure, 
_ while others are apparently smooth and homogeneous. ‘I'wenty- 
four hours later the colonies were found 1o have increased in 
number and size; some of the individual micrococci had also 
undergone changes, having not only acquired larger dimensions, 
but having assumed the appearance represented in Fig. I. (7.) 


From the appearance above described I conclude that the highly 
refractive spheroid is the only form that can be regarded as characteristic 
of the lymph of sheep-pox in its active condition. 


Section III.—Anatomical Investigation of the Changes which occur at 
the Seat of Inoculation. 


1. The development of the primary pock may be divided into three 
stages, of which the first is characterised by progressive thickening of 
the integument over a rapidly increasing but well-defined area; the 
second, by the formation in the rete Malpighii of vesicular cavities con- 
taining clear liquid (the “cells ” of older authors), in which sooner or 
later organic vegetable forms are developed ; the third, by the impletion 
of these cavities with pus-corpuscles. Itis to be noted that the division 
into stages is less marked than in human small-pox. 

2. The process commences in the rete Malpighii and in the subjacent 
papillary layer of the corium—in the former, by the enlargement and 
increased distinctness of outline of the cells, and by corresponding 
germinative changes in their nuclei; in the latter, by the increase of size 
of the papilla, and by germination of the endothelial elements of the 
capillary blood-vessels. 

3. It is next seen that the interfascicular channels (lymphatic canali- 
culi) of the corium are dilated and more distinct ; that the lining cells 
of these channels are enlarged and more easily recognised than in the 
natural state; and that in the more vascular parts of the corium, the 
channels are more or less filled with migratory or lymph corpuscles. At 
the same time, the lymphatic vessels, of which the canaliculi are tribu- 
taries, can be readily traced, in consequence of their being distended with 
a material which resembles coagulated plasma. 





* The particles forming the necklaces present the appearance of solid bodies ; this 
is not well shown in the engraving. 
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App. No, 2. 4, About the third day after the appearance of the pock, the contents 
Ontheleeu of the dilated lymphatics begin to exhibit characters which are not met 
tagium of Variola with in ordinary exudative processes. ‘These consist in the appearance 

vina, by Dr. P 3 A 5 . ; 
Klein. in the granular material already mentioned, of organised bodies, which 
neither belong to the tissue nor are referable to any anatomical type— 
viz. of spheroidal, or ovoid bodies having the characters of micrococci 


and of branched filaments. In Fig. IV. a lymphatic vessel of the corium 





Fig. IV. 


is seen in section filled more or less completely with micrococci. In 
some parts the spheroids are aggregated in the zooglea form, so that 
the mass appears granular, in others it presents a filamentous aspect, the 
spheroids being in necklaces or chaplets. In the upper part of the 
figure a blood-vessel (¢)is shown in section which is sheathed in the lym- 
phatic channel, at (d) a valve is shown with masses of micrococci on 
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either side of it; (dd) indicate interfascicular channels containing con- APP. No.2. 


nective-tissue corpuscles. In Fig. V. a similar lymphatic vessel of the On the Con- 
tagium of Variola 
Ovina, by Dr. 
Klem, 





Fig. V. 


corium is represented, of which the contents have the characters of a 
mycelium, and consist of branched filaments. In Fig. VI. the same 





Fig. VI. 


structure is seen, but the interlacing of the filaments is so dense that the 
whole presents the aspect of a felt-like mass. 


tagium of Variola 
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5. The process thus commenced makes rapid progress. After one or 
two days the greater number of the lymphatics of the affected part of 
the corium become filled with the vegetation above described; and on 
careful examination of the masses, it is seen that they present the cha- 
racters of a mycelium, from which necklace-like terminal filaments spring, 
each of which breaks off at its free end, into conidia. In most of the 
filaments, a jointed structure can be made out, and in the larger ones, 
the contents can be distinguished from the enclosing membrane by their 
yellowish-green colour. 

The necklace-like filaments are well seen in Fig. VII. They are 








Fig. VII. 


contained in a lymphatic vessel of the corium similar to those repre- 
sented in Figs. IV., V., and VI. 

Separated conidia, in a state of germination, are shown in Fig. VIL, 
as seen under a much higher power. | 





Fig. VIIL. 


6. At the same time that these appearances present themselves in 
the corium, those changes are beginning in the now much thickened 
‘rete Malpighii, which are preparatory to the formation of the vesicular 
cavities already mentioned. By a process which I propose to designate 
horny transformation, having its seat in the epithelial cells of the 
middle layer of the rete Malpighii, a horny expansion or stratum 
appears, lying in a plane parallel to the surface, by which the rete 
Malpighii is divided into two parts, of which one is more superficial, 
the other deeper than the horny layer. Simultaneously with the form- 
ation of the horny layer the cells of the rete nearest the surface of 
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the corium undergo very active germination, in consequence of which 


App. No. 2. 


the interpapillary processes not only enlarge, but intrude in an irregular oy the Con- ~ 
manner into the subjacent corium. At the same time, the cells imme- tagium of Variola 


diately below the horny stratum begin to take part in the formation of 
the vesicular cavities, some of them enlarging into vesicles, while others 
become flattened and scaly, so as to form the septa by which the 
vesicular cavities are separated from each other. 

The whole of this process is well shown in Fig. [X.,* which repre- 




















Fig. IX. 


sents a vertical section through the central portion of a primary pock 
on the eighth day. 

The stratum corneum is unaltered. The newly-formed horny layer 
by which the rete Malpighii is abnormally split into a superficial and a 
deep layer, is seen to be formed by the transformation of the cells which 
lie next to it on its superficial aspect. On its deep surface are cells 





* (a) Stratum corneum, (4) superficial layer of rete Malpighii, (c) deep layer of 
do., (d) newly-formed horny layer, (e) superficial or papillary layer of corium. 
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which are much enlarged and contain vacuoles ; they present the ap- 
pearance to which pathological histologists frequently apply the term 
dropsical. It is by the subsequent dilatation of these enlarged cells 
that the vesicular cavities (“ cell” of the older authors) are formed ; 
between them the septa are seen composed of flattened and scaly cells 
which, as above described, extend from the horny layer towards the 
interpapillary processes. The drawing further shows the remarkable 
changes which take place in the papillary processes themselves simul- 
taneously with the formation of the horny layer. In consequence of 
the very active germination of the cells of which these processes 
consist, they send down conical or cylindrical sprouts into the corium ; 
it sometimes happens that the end of one of these sprouts is cut off, so 
that it presents itself in the section as an island of cells () surrounded 
by the tissue of the corium. 

7. ‘The vesicles, once formed, increase in size and number. Originally — 
separate, and containing only clear liquid, they coalesce, as they get 
larger, into irregular sinuses, and are then seen to contain masses of 
vegetation similar to those which have been already described in the 
lymphatic system of the corium——with this difference, that the filaments 
of which the masses are composed are of such extreme tenuity, and 
the conidia are so small and numerous, that the whole possesses the 
characters of zooglea rather than of mycelium. There appears to me 
to be little doubt that these aggregations are produced in the same way 
as the others, viz., by the detachment of conidia from the ends of 
filaments. ‘The characters of the vegetation contained in the vesicular 
cavities are well shown in Fig. X. The contents of a single vesicle, as 























Fig. X. 


seen under a much higher power, are represented in Fig. XI. In the 
earlier stages of the process the cavities contain scarcely any young 
cells. Sooner or later, however, so much of the rete Malpighii as 
lies between the horny stratum and the papillae becomes infiltrated 
with migratory lymph-corpuscles. The process can be plainly traced 
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in the sections. At the period of vesiculation, 7.e., at a time corre- 
sponding to the commencement of the development of the vesicles in the 
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Fig. XI. 


rete Malpighii, the cutis (particularly towards the periphery of the pock) 
is infiltrated with these bodies. No sooner has the coalescence of the 
vesicles made such progress as to give rise to the formation of a system 
of intercommunicating sinuses, than it is seen that the whole of the 
deep layers. of the rete Malpighii become inundated (so to speak) with 
migratory cells, which soon find their way towards the cavities, and 
convert them into microscopical collections of pus-corpuscles, the 
formation of which is proved to be due to migration from the corium, 
not only by the actual observation of numerous ameeboid cells a 
transitu, but by the fact that the corium itself, before so crowded with 
these bodies, becomes, as the pustulation advances, entirely free from 
them. 


Section IV.—Anatomical Investigation of the General Eruption. 


The anatomical characters of the secondary pocks are substantially 
the same as those of the primary, the most prominent features being 
thickening of the rete Malpighii and cedema of the corium, combined 
with the presence of lymph corpuscles around the blood-vessels, with 
similar corpuscular infiltration of the lymphatic canalicular system in the 
neighbourhood. 

In general the stage of pustulation is reached more rapidly in the 
secondary pustules than in those which are the direct result of inocu- 
lation. ‘Thus, in the eruption on the lips the contents of the vesi- 
cular cavities became purulent not later than the third or fourth day ; 
after the appearance of papules on the chest the development was more 
tardy. The infiltration of the cutis and papillary tissue was greater 
towards the periphery than towards the centre, especially in those pustules 
that had lasted longest and exhibited most distinctly a central depres- 
sion. ‘There were also considerable differences as regards the changes 
which, in the primary pustule, result in the splitting of the rete 
Malpighii into two layers. The peculiar transformation which in the 
primary pustule goes on to such an extent as to result in the formation 
of a horny layer, which is of such thickness and so well marked that it 
can be distinguished in the section by the naked eye, is represented 
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Arp.No.2. in the secondary pustules by a change of the same kind, which, how- 
OntheCon- _ ever, is very partial in its extent and distribution, and affects only a 
lente ina few cells of the middle layer of the rete. Connected with this there 
Klein. is a considerable difference in the mode of the formation and the 
arrangement of the vesicular cavities. ‘They appear in great number 
simultaneously in the middle layers of the rete Malpighii, and are 
generally found much nearer the corium than in the primary pocks. It 
is further to be noticed as a collateral fact that in consequence of the 
number and progressive dilatation of the vesicles at the expense of the 
deepest layers of the rete, the inter-papillary processes become oblite- 
rated, so that the corium is marked off from the rete by a line which is 
almost as even as it is in sections of the natural skin. As a further 
result of the distinction of the vesicles, it is sometimes seen that the 
deepest cells of the rete are altered in form by compression. As regards 
the distribution of the vesicles in the secondary pustule, it is to be 
noticed that even in those pocks that exhibited a marked central depres- 
sion, the most numerous and well-developed vesicles were found towards 
the centre; this is clearly inconsistent with the supposition that the 
depression is caused by the disappearance of previously existing vesicles. 
As has been already stated, the vegetations contained in the lymphatics 
of the corium, as wellas those occupying the vesicular cavities, presented 
the same characters as those which have been already described in the 
previous section. In some vesicles the mycelium is embedded in a 
finely granular matrix which is to be regarded as coagulated plasma; in 
others the matrix is almost homogeneous, and is stained slightly by 
carmine and hematoxyline. ‘The mycelium itself, as well as the spores 
which devolve from it, exhibit a bright and shining appearance. 
Eventually the mycelium is transformed by a process of rapid fructifi- 
cation into a mass of micrococcus resembling zooglea, the characters 
of which are not to be distinguished from those of the similar masses 
which are met with in the primary pustules when examined at a later 
stage of their development. 
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No.3. 


Report or ANATOMICAL RESEARCHES INTO THE LyMpHATIC SYSTEM 
AND ITS RELATION TO TUBERCLE, BY Dr. KLEIN. 


Part I.—Lympuatic SysteM OF THE SEROUS MEMBRANES. 
A. Normal Anatomy. 


1. The Endothelium of the free surface of the Serous Membranes in the 
normal condition is composed not only of a layer of flattened cell-plates, 
but in some places, hereafter to be described, of cells, which appear poly- 
hedral, club-shaped, or like short columns ; their substance is a distinctly 
granular protoplasm, even in the fresh condition, and their nucleus is 
either marked by a constriction, or completely divided into two. En- 
dothelial cells of this kind may be called germinating endothelium, for 
they are in constant prolescence, giving origin to lymphoid cells, which 
gradually become detached from the free surface. 

Such germinating endothelial cells are found in smaller or larger 
groups on the fenestrated omentum, on the large and small trabecule, 
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Germinating endothelium of tracts freely projecting over the surface 
of the pleura mediastini of a healthy cat. Preparation stained with 
nitrate of silver. Magnifying power of about 300, 


constituting that membrane ; they contain large blood-vessels and fat 
tissue. On these large trabecule nodules and cord-like structures are 
found more or less projecting over the free surface, which are covered 
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venerally on one side only with germinating endothelium. This kind of 
endothelium is seen not only in the fenestrated omentum of the dog, cat, 
guineapig, rat, and monkey, but also on the omentum of the rabbit, 
which is very little, or not at all, fenestrated; here the germinating 
endothelium is also found on the surface of certain patches of structures 
of different sizes, which are isolated or in groups, or form a continuous 
cord. The pleura mediastini of dog and cat are especially rich in 
nodules and cords, covered with germinating endothelium. 

The mesogastrium of frogs (especially of female frogs in the winter 
months) exhibits also groups of germinating endothelium, the cells of 
which are often provided with delicate cilia on the free surface. 

So also the mesentery and the septum cisterne lymphatice: magne are 
in some places covered with small groups of germinating endothelium ; 
the germinating cells in the latter membrane being also in female frogs 
provided with cilia, especially during the spawning season. 

On the peritoneal surface of the diaphragm there are stripes of small 
germinating endothelial cells covering certain lymphatic vessels, which will 
be afterwards described as radiating straight lymphatic capillaries. 


2. The Cellular Elements of the Matrix of the Serous Membranes 
generally consist of (a) flattened, more or less branched, isolated cells ; 
and (b) migratory cells. In some places, however, the flattened cells 





Silver preparation of the pencilled pleural surface of centrum tendineum of a guineapig 
suffering from slight chronic inflammation. 


a, Lymphatic capillaries. 6, Lymph-canalicular system lined by connective-tissue 
corpuscles.—Magn. x 3800 


are so close to one another, and so little branchedythat they resemble a 
group of endothelial cells. ‘The first lie in a preformed system of spaces 
(the lymph-canalicular system of Recklinghausen), in such a manner 
that the nucleated part of the flattened cell occupies a lacuna, while their 
branches lie in a corresponding system of canals,—the anastomosing canals 
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between neighbouring lacuna. Through this lymph-canalicular system the 
amoeboid cells pass, 7.e. migrate. The first kind of connective-tissue 
corpuscles are to be regarded as an imperfect, ¢.e. disconnected endothelial 
lining of the lymph-canalicular system. This fact is brought out in a 
striking manner when the lymph-canalicular system happens to be dilated 
either naturally or after injection. 

In certain parts of the serous membrane, especially in the vicinity of 
the larger blood-vessels, the connective-tissue corpuscles undergo 
remarkable changes, being converted into true lymphatic glandular 
structures. These structures are generally at first small, and not much 
elevated above the surface of the membrane; but as they grow they 
“become more elevated, presenting the appearance of larger or smaller 
nodules or cords. They are very numerous in the omentum of the 
rabbit and of other mammalian animals (cat, dog, rat, guineapig, and 
monkey), but most numerous in the pleura mediastini of the cat and 
dog. 

‘They may be described as follows :— 

(a) Patches and nodules, the matrix of which consists of groups of 
ordinary flattened branched cells, which on the one hand multiply by 
division, so that the organ in- 
creases in size, and from which 
on the other hand lymphoid 
cells originate. The branched 
and lymphoid cells lie in the 
lymph-canalicular system. At 
an early stage of development 
they do not contain blood- 
vessels ; at a later period they 
possess a special system of 
capillary blood - vessels. By 
growing in length they join 
one another, and form cords 
and tracts. 

(6) In many of these struc- 
tures the branched cells of the 
matrix are gradually converted 
into a delicate reticulum, in the 
meshes of which the lymphoid 
cells are contained; at this 
stage they are generally pro- 
vided with blood-vessels, and 
entirely resemble lymph folli- 
cular structures. 

From a fresh oedematous omentum of a g uineapig (c) There are, however, 
suffering from chronic peritonitis. : 

a, lymphatic vessel. _c¢, Its_ endothelial wall. other nodular and cord-like 
b, Peri-lymphangeal nodule. _d, Its capillary blood- structures which do not take 
vessels. ¢, Lymphoid cells.—Magn. x 300. Pcie origin from the or dinary 
connective-tissue corpuscles of the matrix of the serous membrane, but 
which develop within lymphatic vessels in connection with their lining 
endothelium. These nodules and cords possess the same structure 
as those mentioned in (6); te. they resemble true lymph follicular 
structures. 

The first two kinds of nodules and cords are to be designated as 
peri-, the third as nedo-lymphangeal structures; for, as will afterwards 
be seen, all three kinds are developed in connection with the wall of 
lymphatic vessels ; but the two first grow from the outside, and the 
third from the inside. ! 
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Fat tissue stands in close relation to the perilymphangeal nodules ; 
for fat cells are developed not only from connective-tissue corpuscles, 


but the fat tissue of the serous membranes develops, as a rule, from the — 


perilymphangeal nodules, the matrix of which is converted into fat cells. 
It is therefore evident that in a given serous membrane the number of 
lymphangeal structures stands in inverse relation to that of fat tracts. 
The proportion in which perilymphangeal nodules are converted into fat 
tissue differs considerably in different serous membranes. Thus, e.g. this 
change takes place considerably in the omentum and mesentery of the cat 
and dog ; whereas it occurs very little in the pleura mediastini of these 
animals. In general it may be stated that the tendency to this change 
is greatest in the mesentery and least in the pleura mediastini. 


3. The Lymphatic Vessels of the Omentum.—A. In the rabbit these 
are differently arranged in different parts. In the neighbourhood of the 
great curvature of the stomach and in the portion of omentum covering its 
pyloric end, where there isa rich network of lymphatics, they are related 
to the large blood-vessels in such a way that a group of the latter has 
two lymphatics, one on each side, communicating with one another by 
transverse and oblique lateral branches. The lymphatics are also dis- 
tributed independently of large blood-vessels, chiefly between and around 
the lymphatic patches mentioned above. Concerning their structure, 
there is little to add to what is already known. They are wide vessels, 
the walls of which consist of one layer of endothelial plates ; these 
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From an oedematous omentum of a monkey suffering from chronic peritonitis. 
a, Artery. 6, Vein. 
Both these vessels invaginated in a lymphatic c, which contains numerous lymph- 
corpuscles.—Magn. x 300. 
latter, in the large lymphatics which accompany the blood-vessels, being 


of a short, spindle-like, and somewhat sinuous outline. They possess 


valves and corresponding sacculated dilatations, and are to be considered 


as the main lymphatic trunks. | 

The other lymphatics, distributed in the tissue, are not different in 
calibre or in the form of the endothelium ; but they are either without 
valves, or have them only here and there, while they are provided with 
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sinus-like dilatations springing from their sides. These are to be con- 
sidered as the lymphatic capillaries. In the portion of omentum cover- 
ing the anterior wall of the stomach, the conditions are somewhat dif- 
ferent. Here the lymphatics are only seen in company with the blood- 
vessels, which in this part are rarely large, the vessels of common 
occurrence being the smaller arteries and veins, the courses of which are 
often isolated for considerable distances. The arrangement of the 
lymphatics may be summed up as follows :—A single lymphatic vessel 
is accompanied on one side frequently by a vein, sometimes also by an 
artery ; the lymphatic possesses at certain points saccular dilatations, 
and receives occasionally a lateral branch. These vessels have mostly a 
sinuous endothelium. Or, secondly, a blood-vessel is accompanied on 
each side by a lymphatic ; these are disposed exactly as in the former 
case, and communicate by cross branches. Finally, it occurs not un- 
frequently that the blood-vessel runs within a lymphatic, ze. the blood- 
vessel is invaginated. 

B. The lymphatic vessels of the omentum and pleura mediastini of 
other mammalian animals (as in the cat, dog, rat, guineapig, and monkey) 
have an arrangement similar to that in the same organs of the rabbit, 
ze. they accompany the larger blood vessels, either singly or more 
frequently in pairs, and are in a few cases of an invaginating character. 
As regards their structure, they appear to consist simply of a wall com- 
posed of a single layer of endothelial cells. 

T'wo points concerning the origin of lymphatic vessels from the tissue 
are of great importance. (a) The lymphatic vessels are in continuity 
with the connective-tissue corpuscles in such a way that on the one 
hand the lumen of the vessel is in direct communication with the lymph- 
canalicular system, and on the other hand the endothelium of the vessel 
is in unbroken continuity with the branched connective-tissue corpuscles 
occupying that system. Where the connective-tissue corpuscles form 
the nodules and cords above described as perilymphangeal structures, 
_ the surrounding lymphatic vessel is seen to be in such a relation 
to them that the lumen of the lymphatic vessel loses itself in 
the labyrinth of lymph spaces in which the branched cells of the matrix 
of the peri-lymphangeal structures are situated; and that these latter 
cells are in continuity with the endothelial wall of the lymphatic. So 
that properly speaking these peri-lymphangeal structures. appear to be 
situated only in the wall of the lymphatic vessel. (6) The invaginating 
lymphatic vessels have an important relation to the origin of those lymph- 
follicular nodules and cords that we designated above endolymphangeal 
structures. A lymphatic vessel invaginating a vein is seen to become 
dilated into a wide sac where the vein receives its capillary tributaries, 
which are themselves invaginated in that sac ; or a lymphatic vessel that 
accompanies a vein possesses a blind saccular dilatation, in which the 
system of capillary vessels belonging to that vein is contained like the 
glomerulus of a Malpighian corpuscle of the kidney. In either case it 
may happen that the lumen of the invaginating lymphatic vessel 
gradually loses itself in a labyrinth of spaces by the growth of a 
reticulum of branched cells within its cavity, and in connection with 
its endothelial wall ; the meshes of the reticulum are occupied by 
lymphoid cells originating from that reticulum. In this way we are 
enabled to understand the formation of true lymph-follicular nodules and 
cords, to which from their being within a lymphatic vessel the word 
endolymphangeal may be applied. : 


4. The Lymphatic Vessels of the Mesentery.—The mesentery pos- 
sesses two kinds of lymphatic vessels first, vessels which run from 
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the intestine to the roots of the mesentery in order to enter the 
mesenteric glands ; and, secondly, vessels which belong to the mesen- 
tery itself. The vessels of the first kind are situated in the chief tra- 
becule of the mesentery, along with the large blood-vessels, which run 
to and from the intestine. ‘These lymphatic vessels are distinguished 
by the number of their valves and by their continuous well-developed 
circular muscular coat. ‘Their endothelium is spindle-shaped, like that 
in the lymphatic trunks in general, ‘The vessels of the second kind are: 
(a) large lymphatic vessels, which like the others accompany the larger 
blood-vessels. They may be single, but are more frequently in pairs ; 
in the former case the lymphatic is situated between the arterial and 
the venous trunk ; in the latter the artery and the vein lie both between 
the two lymphatics. ‘They anastomose with each other by a few wide 
branches. Here and there they possess a valve ; they have no muscular 
coat, their wall consisting only of one layer of endothelium, which is 
more or less elongated and spindle-shaped. In many places the breadth 
of the endothelial cells is not much inferior to their length. Lymphatic 
vessels of this kind are often found to invaginate an arterial or venous 
trunk for a longer or shorter distance, especially with their large saccular 
dilatations. These dilatation-sinuses are constantly found in the lympha- 
tics of mammals, as well as in those of frogs. .Especially in rana tempo- 
raria, and in bufo, I have come across not a few mesenteries in which, 
instead of lymphatic vessels accompanying blood-vessels, there was a 
system of lymph-sinuses, situated behind each other and communicating 
with each other by small openings. ‘This is determined principally by 
the arrangement of the ground-substance, for in the cases just referred 
to there were large trabecule in which the blood-vessels and nerve- 
trunks were imbedded, and from which small branches sprang at regular 
intervals, anastomosing with cach other so as to form a mesh work. 
Seen from the surface it looked exactly like a fenestrated membrane. 
The meshes were occupied by the lymph-sinuses above mentioned. 
In frogs not only a single blood-vessel cr nerve-trunk, but sometimes 
the whole trabecule containing the blood-vessels and the nerve-trunk 
may be invaginated in a lymphatic vessel. 

(6) Besides those lymphatics which are found in and close around the 
chief trabecule of the mesentery,: there are others which belong to 
that portion of the membrane which is intermediate to these trabecula. 
These are more or less wide vessels, having no valves; their wall is a 
single layer of rhombic endotielium with sinuous outlines. They 
correspond to the structures generally called lymphatic capillaries, and 
generally accompany the Pree veins. In the pencilled silver-stained 
mesentel ‘y of the dog, cat, monkey, and frog, they are very easy to 
demonstrate. They anastomose with each other, ’ forming a wide net-work, 
and like the vessels previously mentioned, are provided with dilatation- 
sinuses. In those mesenteries where there is little fat tissue, and where 
consequently it can be easily seen that the lymphangeal plaques and 
tracts consist of branched cells, it is also evident that these patches and 
tracts are always accompanied by one or more lymphatic vessels. 


5. The Lymphatic System of the Centrum Tendineum of the Dia- 
phragm.—From Recklinghausen’s experiments it is well known that 


the very abundant lymphatics of the centrum tendineum are distinguish- 


able into lymphatic trunks and lymphatic capillaries, the former being 
provided with valves and lined by spindle-shaped endothelium, the 
latter having no valves, having a lumen of variable size, numerous 
excavations, and sinuous endothelium. Recklinghausen states that 
some of the lymphatic capillaries of the pleural serosa have a blind end 
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like a horn curved inwards, at which point they lose themselves in the 
lymph canalicular system. Ludwig and Schweigger-Seidel have 
further shown that the lymphatics of the pleural serosa of the centrum 
tendineum of the rabbit communicate with lymphatic vessels, which run 
between the tendon-bundles. As these bundles have on the abdominal 
surface a radiating and on the pleural a circular arrangement, the two 
lymphatics which run between them have respectively a radiating and a 
circular course, and the former are called by Ludwig and Schweigger- 
Seidel superficial, the latter, deep lymphatic channels. My researches 
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Silver-stained preparation of a pencilled normal centrum tendineum of rabbit. 

, Large lymphatics with valves. 6, Lymphatic capillaries. ce, Lymphatic capillaries 
Gian Sure dipping down between the tendon-bundles.—Magn. x 50. 

teach me the following facts respecting the distribution of the lymphatics 

in the centrum tendineum of the rabbit. They are for each half 

arranged in two systems, an anterior and posterior. The vessels of the 

anterior system are distributed upon the outer and anterior (that is 
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larger) portion of the anterior quadrant, and upon the outer (that is 
smaller) portion of the posterior quadrant. Those of the posterior 
system are distributed upon the inner posterior (that is smaller) portion 
of the anterior and upon the inner (that is iarger) portion of the 
posterior quadrant. (The relative number of lymphatics is greater in 
the posterior quadrant than in the anterior). The efferent trunks of the 
anterior system course along the pars costalis of the diaphragm, and 
usually unite on the posterior surface of the xiphoid cartilage on each 
side, with one or two large vessels, which run along with the mammary 
vessels towards the sternal gland. On their way they join with those 
lymphatics that come from the intercostal spaces. 
The efferent trunk of the posterior system is single on each side ; 
it mounts obliquely towards the middle line, and opens into the thoracic 
duct near the point where the latter emerges from the diaphragm. Each 
system communicates with the corresponding one of the other side by a 
few large vessels. The vessels of each system have the following 
characters: the large vessels possess valves and a wall consisting of 
spindle-shaped endothelium; they are situated chiefly between the 


pleural serosa and the tendons, or in the depth of that serosa. ‘The 


capillaries that run into these vessels have no valves, are provided with 
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Natural injection of the lymphatics of the centrum tendineum of rabbit. 
a, Large lymphatics of the pleural side. 6, Straight lymphatics of the abdominal side.—Magn. x 80. 


irregular excavations, and their wall consists of sinuous endothelium. 
There are two kinds of capillaries: a, those that lie chiefly in the pleural 
serosa, and are of a variable breadth ; 6, those that lie between the 
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tendinous tissue. ‘These run, consequently, in a straight course in two 
directions, so that we may distinguish deeper capillaries running in a 
circular direction and more superficial capillaries running in a radial 
direction. These two kinds of straight lymphatic capillaries generally 
communicate where they cross each other, by an extremely short branch 
at the points where their walls come in contact; or a superficial 
straight capillary may sometimes be seen to bend at a right angle, so as 
to continue its course asa deep straight capillary. ‘The deep straight 
capillaries represent the vessels of communication between the super- 
ficial straight capillaries and the lymphatic vessels that lie in the pleural 
serosa. As a rule, the deep straight capillaries, before they join a 
lymphatic trunk, run a short distance, in a more or less wavy course, 
between the tendon and the pleural serosa. 

The question which now presents itself is, What is the physiological 
value of the straight lymphatic vessels ? Ludwig and Schweigger-Seidel 
attribute to them an important ré/e in absorption. According to these 
authors they are widely dilated when the diaphragm is in the position 
of inspiration and its muscles and tendons are in action, whereas they 
are compressed during expiration, the lymphatics of the pleural surface 
of the diaphragm being in the opposite condition. Consequently, the 
diaphragm acts likea pump on its lymphatics. (The freecommunication 
of the lymphatics with the peritoneal cavity, by means of stomata, will be 
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discussed hereafter.) This, however, is not the only way the straight — 


lymphatics act. We have mentioned already that the lymphatics 
of the diaphragm are arranged in an anterior and a posterior system, 
the former discharging itself by trunks that run towards glands behind 
the sternum, the latter by a wide short trunk that runs directly into the 
thoracic duct. Now the straight lymphatic capillaries are the vessels 
by means of which these two systems communicate, and this is their 
chief function. As the deep straight lymphatic capillaries and the 
superficial ones represent, as we have seen, only one category of vessels, 
we are justified in saying that this category of lymphatic capillaries 
discharges itself in two directions: one freely into the thoracic duct, 
and a second less freely towards the sternal gland. We shall see atter- 


wards that the straight lymphatic capillaries, both deep and superficial, » 


are in free communication with the peritoneal cavity, by means of 
vertical lymphatic canals (stomata of authors); consequently we have 
to correct the diagram of Ludwig and Schweigger-Seidel representing 
the lymphatics as a single pump, toa diagram of a pump with two 
cylinders, one corresponding to the pleural vessels of the anterior 
system, the other to those of the posterior system, while the pipe 
connecting the two cylinders corresponds to the straight capillaries, 
and the piston tube to the vertical lymphatic canals. It must be borne 
in mind, however, that the two cylinders act simultaneously. 

The superficial straight lymphatic capillaries are not the only 
capillaries that are to be met with on the abdominal surface of the 
centrum tendineum of the diaphragm of rabbits and guineapigs. Near 
the median line of the anterior quadrants, and near the large blood- 
vessels that pass through the diaphragm, there exist lymphatic capillaries 
of a winding course, provided with numerous dilatation-sinuses. They 
are in communication with the straight lymphatic capillaries. In some 
places two neighbouring superficial straight capillaries anastomose with 
each other by means of a transverse branch provided with sinuses, which 
belong to the peritoneal serosa. 

6. Relation of the Lymphatic Vessels to the surface of the Serous Mem- 
branes.—The lymphatic system of the serous membranes communicates 
with the free surface, 7.¢e. with the serous cavity, in two ways, (@) by 
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means of true stomata, 7.e., vertical lymphatic channels, lined by a 
special layer of endothelium, and leading into the lumen of a superficial 
lymphatic vessel, or (6) by means of small holes,—discontinuities 


Pie. v. 


between the — surtace- 
endothelium of the serous 
membrane, leading into 
a superficial simple 
lymphatic lacuna. By 
this term is understood 
a cavity lined only on 
one side by endothelium. 
Such a cavity may be 
supposed to be formed by 
the confluence of a num- 
ber of adjoining lacuna. 
Both kinds of stomata are 
bordered on their free 
surface by germinating 
endothelial cells. The 
first kind is met with in 
great numbers upon the 
‘straight lymphatic capil- 
laries on the peritoneal 
surface of the central 





Silver preparation of the peritoneal surface of the centrum 5 = 
tendineum of the diaphragm of rabbit. tendon asso the above 


¢, Endothelium covering the serosa over the tendon-bundlés. mentioned excavations 
s, Stomata over the straight lymphatics, 2. --Magn. and sinuses of the 


x 160. : . : 
lymphatic capillaries of 
the peritoneal serosa of the central tendon; and on the lymphatic 
capillaries and lymph sinuses in the omentum and pleura mediastini of 


Pres. 





Silver-stained preparation of the septum cisterna of frog; showing stomata. 

A, Viewed from the peritoneal surface. B, Viewed from the cisterna.—Magn. x about 160. 
all animals. These stomata are less numerous on the lymphatic 
capillaries of the mesentery. The well-known stomata on the septum 
cisterne lymphatics: magnae of frogs first described by Dgoiel and 
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Schweigger-Seidel, belong to this category. In contradiction to the 
assertion of these authors it must be remarked that the stomata in 
question represent vertical lymphatic canals, lined by a special layer of 
more or less polyhedral endothelial cells of a germinating character, and 
that they are not merely discontinuities between the endothelial cells 
having nuclei directed towards the aperture. 

But there is also another kind of communication between the free 
surface of the serous membranes and the lymphatic system, a communi- 
cation which is more indirect than the former. This takes place by 
means of connective-tissue corpuscles, of which the processes reach 
upwards to the free surface, and in the opposite direction are in con- 
tinuity with those of the deeper connective-tissue corpuscles of the 
matrix. The lymph-canulicular system may be said to communicate 
freely with the surface. ; 

To this structure I have applied the term Pseudostoma. It is met 
with in most serous 
membranes, and espe- 
cially on the lymphan- 
geal nodules and cords 
of the omentum, and 
the pleura mediastini. 
In the latter situations 
many of the germi- 
nating endothelial cells 
found,as already stated, 
on the surface of these 
lymphatic. structures, 
are seen to bud directly 
from the pseudosto- 
matous cells. This 
process plays a very important part in inflammation of the serous 
membranes, as will be shown hereafter. 
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From a fresh preparation of oedematous pleura mediastini of 
cat, representing a lymphatic cord in profile. 


a, Germinating endothelium of the free surface. 0, Pseudo- 
stomatous cells. ¢, Matrix of the cord. d, Lymph 
corpuscles.--Magn. x. 300. 


7. Development of Lymphatic Capillaries in the Serous Membranes. 


Lymphatic capillaries may be observed in development in the normal 
Fig. 10. omentum of middle-sized rabbits, and in the 
mesogastrium of frogs. In both instances they 
develop by vacuolation of connective-tissue 
corpuscles, which are thus converted into vesi- 
cles (see Fig. 11). The wall of these vesicles 
is at a later stage differentiated into endothelial 
plates. In the frog these vesicles possess at 
an early stage of development a ciliated lining. 
By the lengthening and eventual confluence 
of such endothelial vesicles true lymphatic 
tubes are formed, the wall of which consists of 
a single layer of endothelial plates. When a 






















































































From a preparation of the 
pleural surface of centrum 
tendineum of guineapig. — 
Magn. x 160. 


Showing a vacuolated cell 
forming a stoma by having 
opened itself towards the 
general surface. 


cell, representing a pseudostoma, is converted 
into an endothelial vesicle, which opens freely on 
the surface, a true stoma is formed (see Fig. 10). 


8. Development of Capillary Blood-vessels in the Serous Membranes. 


As has been already stated, in some serous membranes there is a 
constant growth and development of lymphatic nodules and cords, 
which after a certain period, possess a special system of capillary blood- 
vessels, the mode of development of which is as follows: ‘The con- 
nective-tissue cells representing the stroma of these lymphatic structures 
are in direct continuity with the endothelial wall of existing capillary 
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vessels ; by the vacuolation of these cells, and by the eventual coalescence 
of the lumen of the vessel with the cavity of the vacuole, the capillary 


Bue. 12, 





From a preparation of the mesentery of a monkey suffering from chronic — 
peritonitis. 


a-a, Different stages of vacuolation of cells, in order to form lymphatic vessels. 
. —Magn. x 240, see p, 11. 
vessel enlarges, after which the protoplasmic wall of the vacuolated cells 
differentiates into endothelial plates. 


B. Pathological Conditions. 

1. The Changes of the Superficial Endothelium.—(a) When severe 
acute peritonitis is produced in a rabbit, guineapig, dog, or cat, 
by the introduction, e.g. of ammonia, of a solution of iodine in 
hydro-iodie acid, or of toxic pyawmic liquids (which last prove fatal 
in from 12 to 48 hours), into the peritoneal cavity, the mesentery, 
intestinal serosa, omentum, and the peritoneum of the centrum tendineum 
are seen to be extraordinarily hyperemic, if examined during the first 
24 or 48 hours. The abdominal cavity contains mostly, but not always, 
a greater or smaller quantity of sanguinolent fluid, with abundant sepa- 
ration of fibrin. In such cases, the endothelium of the surface is in 
great part loosened and detached, and the liquid contains an abundance . 
of isolated membranous shreds composed of endothelial cells. Many of the 
endothelial cells, both those found free in the liquid and those still on 


_ the peritoneum, appear larger than usual, as if swollen, and their proto- 


plasm is occupied by granules of various sizes. If the fresh membrane 
is examined microscopically, it may be seeh that around those parts 
which have become deprived of their endothelium, the individual 
endothelial cells are distinctly granular, even in the surface view. 

A further important fact is that the nuclei of the endothelial cells 


exhibit distinct appearances of division, and this sometimes very ex- 


tensively. We not only find in the liquid a number of flat endothelial 
cells, in which the nucleus presents the most varied aspects of division, 
but in other places, such as the centrum tendineum and mesentery, we 
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see appearances quite different from those observed in the healthy con- 
dition ; thus, for example, on the endothelium, which covers the peri- 
toneal side of that portion of the serosa which lies upon the tracts of 
tendons, and on which, as we have shown, germination is not observed 
in the normal condition, there is an active alteration of the nnelei over 
extensive spaces, from simple constriction to division into two or three 
small nuclei. In the case of the omentum it is more difficult to give a 
decided opinion as to alteration, for here extensive germination goes 
on in the normal condition. 
Should, however, the inflammation be less intense, e.g. in the case of 
a peritonitis consequent on the entrance of air to the peritoneum, or of 
a peritonitis induced by the insertion of threads, or small solid bodies of 
starch (1-2 ce. of a a tolerably concentrated mixture of starch and 
water), of Berlin blue (5-10 c¢.c. of 5 per cent. solution), of oil, or oil 
and starch—in such cases, we obtain an appearance somewhat different 
from the preceding. Here, indeed, there may be seen, after 24 or 48 
hours, or later, isolated detached endothelial plates in the exudation, but 
the peritoneum exhibits only a few places where the endothelium is 
loosened or has disappeared. In silver-stained vreparations the strongly 
coloured endothelial cells are seen to be granular and somewhat swollen 
in diameter, the nucleus has become more prominent, in short, they 
possess more the appearance of epithelium ; the nucleus of many of the 
cells is in process of division. On the omentum, and especially on the 
fenestrated portion, polyhedral endothelial cells whose nuclei are in 
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process of division may be easily recognised. What is most worthy of | 


observation is, that where germinating endothelium was observed in the 
normal condition a very active germination has now taken place. It 
extends over the abdominal surface of the centrum tendineum, as well as 
over the pseudo-stomata and stomata of the omentum and the mesentery. 
In some places the germination of the endothelium is of remarkable 
extent. Bud-like processes occur, which consist of young endothelial 
cells, and the cells so proliferating arrange themselves into cords which 


stretch freely over the surface. In the exudation we find a number of 


cells, which by their size, their granulation, and their nucleus, are sharply 
distinguished from the small pale blood or lymph-corpuscles. In con- 
sideration of what has been already stated, we may, I think, be allowed 
to regard the corpuscles, resembling endothelial cells, which occur in the 
exudation, as the products of the endothelium. Besides, there can be no 
doubt that a large number of small pale cells found in the exudation, 
originate by the division of the others, for on the warm stage, amceboid 
movements and division are observed in the large cells, which have a 
constricted or double nucleus. 

There are intermediate stages between the forms first described and 
those seen in acute peritonitis of more moderate degree, just as there is a 
complete gradation in acute peritonitis itself between the severest degree 
and the mildest; and this depends on a variety of circumstances, such 
as the intensity and extent of the irritation, the kind of animal observed, 
and other par ticulars unnecessary to detail in this place. What we wish 
to show is the difference in respect to changes of the endothelium 
between a very acute peritonitis, with intense hyperemia, abundant 
emigration of colourless blood corpuscles, and abundant thin exudation 
fluid, and slight acute peritonitis, with slight hyperemia, generally 
limited to the omentum, peritoneum of the centrum tendineum and 
intestinal covering, and no marked emigration of colourless blood 
corpuscles. For in the latter case, an active germination of the endo- 
thelial cells takes place, limited chiefly to those parts where germination 
could be made out in the normal condition, namely, on die centrum 
tendineum around the stomata over the lymphatic capillaries of the 


App. No. 3. 
On the Lym- 
phatic System 
and its relation 
to Tubercle, by 
Dr. Klein, 


74 


peritoneal surface, on the lymphangeal knots and cords of the omentum 
and of the mesentery (where we found pseudo-stomata and true stomata 
in numbers), and lastly, on the fenestrated parts of the omentum, where 
isolated pseudo-stomata are seen in the normal state. 

(b) Chronic Peritonitis.—The condition of limited endothelial ger- 
mination is still better observed in chronic inflammation. If we tuber- 
culise* a guineapig by the well-known method of injecting material of 
an indurated lymphatic gland into the abdominal cavity, germination 
of the endothelium is seen round the stomata, especially on the omentum, 
parietal peritoneum, centrum tendineum, and mesentery. The process 
is most intense on the omentum. Here we find, so long as the tuber- 
culous process has not advanced extensively, active germination of the 
endothelium on the knots and cords already so frequently mentioned, 
the number and size of which have decidedly increased. Under these 
circumstances the true stomata can be made out in many cases much 
more easily than in the normal condition, both in fresh preparations and 
those treated with silver. Their number, compared with that of the 
pseudo-stomata, is decidedly smaller. 

The germination of young endothelium on the fenestrated portions in 
the form of small buds is also very active. The centre of each little bud 
is represented by a protoplasmic central stalk emerging from the matrix, 
which corresponds in structure to a pseudo-stoma. 

As has been already indicated, the germination of the endothelium 
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Peritoneal surface of the centrum tendineum of guineapig sufferng from artificial 
; tuberculosis. 


a, The straight lymphatics. 3, Stomata surrounded by germinating 
endothelium e.—Magn. x 300. 
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* For a detailed account of the macroscopical conditions of the affected organs, see 
Eleventh Report of the Medical Officer of the Privy Council. — 
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surrounding the true stomata is also active. Not only do the endothelial 
cells enlarge, become distinctly granular, present nuclei in the act of 
division, and germinate so as to produce lymphoid cells, but this change 
gradually spreads to the endothelial cells of the neighbourhood, as well 
as to those of the vertical lymph-canals, and to those of the lymphatic 
capillaries into which these lymph-canals open. If we examine the 
abdominal surface of a diaphragm furnished with abundant nodules of 
tubercle, we recognise the most varied stages of development in the 
germination of the endothelium of the stomata, from small buds to large 
patches and nodules composed of polyhedral endothelial cells. In 
chronic inflammation there is also abundant germination of the endo- 
thelium of true stomata on the omentum. 

A fact worth noticing is, that guineapigs in which tuberculosis has 
been induced by subcutaneous injection, or by direct injection into the 
blood-vessels, exhibit a marked difference from those cases in which 
it is induced by injection into the peritoneum. Here the tubercular 
process being more advanced in the peritoneum than in the internal 
organs (the lymphatic glands, spleen, liver, and lungs), the germi- 
nation of the endothelium round the stomata or pseudostomata is the 
first and chief change to be observed when the tubercular process 
has made little progress. This is not the case when the tuberculosis 
has been induced subcutaneously or by the vessels, for then no marked 
erowth of endothelium round the stomata takes place until the tuber- 
culosis-in general is very advanced. 

What has been described as regards the omentum and centrum ten- 
dineum holds good of the mesentery. Where it exhibits moderately 
advanced tuberculous affection, the growth of the endothelium around 
the true stomata occurs in a very striking manner. 

Precisely the same facts may be seen in the rabbit. If a few ce. of 
starch and oil or starch and water are injected into the abdominal 
cavity of a well-nourished rabbit, and the omentum and centrum 
tendineum are examined four or eight weeks later, we find that the 
alteration of the endothelium is limited to those places where we have 
previously seen stomata and pseudo-stomata, the germination of endo- 
thelium being here very considerable. 

Germination of the endothelium round the stomata of the mesentery 
and mesogastrium is frequently observed to take place in female frogs 
during the winter months. In these animals the septum of the cisterna 
lymphatica magna shows abundant germination round the stomata on 
the peritoneal surface, as well as of the adjoining endothelium. It may 
be remarked by the way that the peritoneum of the ovaries and 
oviducts, and of the neighbourhood of the liver, were more or less 
covered with false membranes. 


2.—Alteration of the Cellular Elements of the Matrix of the Serous 
Membranes.—(a) Acute inflammation.—In acute inflammations of the 
serous membrane, produced by injecting irritating substances, such as 
diluted ammonia, starch, and especially certain pysemic and septicemic ex- 
udation liquids, into the peritoneal cavity, the omentum and mesentery often 
exhibit various degrees of cedema, In such cedematous membranes the 
lymph-canalicular system and lymphatic vessels are seen to be much 
dilated by plasma, and the connective-tissue corpuscles lining the 
lymph-canalicular system are easily recognised even in the freshly 
prepared membrane as swollen, granular, flattened, branched cells. When 
a serous membrane, e.g. the peritoneum of the centrum tendineum, or 
the omentum, has been inflamed for 48 hours, some striking changes 
may be observed. In the lymph-canalicular system the lacuna are seen 
to be much larger and less branched than in the normal condition, the 
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canals are wider, and a few migratory cells are found ; the connective- 
tissue corpuscles are more granular and their nuclei constricted. In 
some places a still greater alteration may be seen, where the connective- 
tissue cells of the lymph canalicular system have undergone complete 
division. 

(6) Chronic inflammation.—In. chronic inflammation these changes are 


well marked. In guineapigs, in which artificial tuberculosis has been 
induced, the alteration of the connective cells in the matrix of the 
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Silver preparation of the omentum of guineapig suffering from artificial tuberculosis 
a, Trabeculee of fenestrated omentum. _ 6, A freely projecting villus. 
c, Its top covered with germinating endothelium.—Magn. x 800, see p. 17. 


serous membranes is well seen. 'The connective-tissue corpuscles lining 
the lymph-canalicular system appear to have undergone very rapid 
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From the mesentery of a monkey suffering from chronic peritonitis, 
representing a morbid projection. 


b, Its top covered with germinating endo — lium, 
ad Lymphoid corpuscle.—Magn. x 400,s8 ¢p.1 . 


a, Its peduncle. 
A vacuolated cell of its matrix. 
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division ; they are in many places crowded together and less branched, App. No.8. 
and exhibit the aspect of an endothelium. By such germination 6, 4 ot ym. 
regular patches and nodules may be formed. As might be expected, phatic System 
all the lymphangeal structures we have previously mentioned increase ee be 
in size by the germination of the connective-tissue cells constituting Dr. Klein. 
their matrix ; and such structures are formed in chronic inflammation 

in the same way as they are formed in the normal condition, but in 

some cases to an enormous extent. In some animals the omentum, the 
peritoneum parietale and the mesentery are seen to be covered with 

papillary or villous projections, which are sometimes attached to a large 
lymphangeal cord or nodule of the matrix, but sometimes spring from 

a thin part of the membrane. These papille or villi are generally 

covered in some places with germinating endothelium, and are either 

a single outgrowth of a pre-existing lymphangeal nodule or cord, or 

originate from a pseudo-stomatous cell, which has undergone rapid ger- 

mination, and has carried with it the surrounding zone ot endothelial 

cells as a covering (see Figs. 13 and 14). 


3.—The Blood Vessels and Lymphatic Vessels—In chronic in- 
flammation there is a very extensive new formation of blood 
capillaries and lymphatic capillaries. This occurs in consequence 
of the newly-formed lymphangeal nodules becoming supplied with their 
special vessels. 





The mode in which capillary blood-vessels and lymphatics are formed 
in chronically inflamed serous membranes is precisely the same as in 
the normal condition. 





From the fenestrated portion of an injected omentum of Py guinea-pig suffering 
from slight artificial tuberculosis. 


a, Arteries. 6, Veins. c, Capillary blood vessels. _ d, Fenestrated membrane. 
e, Freely projecting lymphatic nodule. 


Finally, it may be stated that there is in some cases an extensive form- 
ation of endolymphangeal nodules in pre-existing lymphatie vessels. 
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Part I].—Lymernatic System or THE LUNGS. 


A. Normal Anatony. 


The endothelium of the surface of the lungs consists, in the normal 
condition, of polyhedral cells (not flattened as commonly described) 
arranged in a single layer. This is well seen in guineapigs, less dis- 
tinctly in rabbits, rats, dogs, and cats. If the lung is not distended, 
the endothelium of the surface very much resembles an epithelium, 


the cells being polyhedral, or in the form of short columns; they are 


Fig. I. 





A, Surface view of the endothelium of the pulmonary pleura of a rabbit in the condition of 

chronic pleuritis, see p. 21. : 
a, General flattened endothelium. 6, Germinating endothelium around stomata. 

B, Endothelium of the pulmonary pleura of a guineapig suffering from artificial tuberculosis, 
the endothelium being viewed from above, 

c, Endothelium of a normal pulmonary pleura of guineapig, viewed from above. 

D, The same endothelium viewed in profile.—Magn. power, 300. ) 
markedly granular, and have distinct nuclei. Even in the moderately 
distended lung, the endothelium of the pleura pulmonum is by no means 
of the same morphological character as that on the costal pleura. 
Between the endothelium of the one and that of the other organ there 
exists the same difference as between that of the ovary and that of the 
peritoneum—the one consisting of polyhedral, or shortly columnar, 
granwar cells with very marked nuclei, the other of very flattened, 
almost hyaline, endothelial plates. 

The pleura pulnionum is a very thin connective-tissue membrane, 
provided, like other serous membranes, with a rich network of elastic 
fibres. In the lungs of the rat, rabbit, cat, and dog the pleura pulmonum 
seems to consist, for the most part, of elastic networks. In the matrix, 


there is generally one layer of flattened connective-tissue corpuscles to 
be found. 


Fie 


Beneath the proper pleural membrane there exists, in the guineapig, APP. No.3. 
a membrane which consists of non-striated muscular fibres, arranged in On the Lym- 
bundles which form a meshwork. In the normal condition the bundles Phatic System | 
are relatively thin, and the meshwork which they form has elongated to Tubercle, by 
large meshes. In the distended lung the meshes are of a much greater etait 
diameter than in the collapsed lung; in the latter they form a more 
continuous membrane. The muscular bundles have, in general, a 
radiating direction from the apex towards the basis of the lung ; and it 
is further to be noted that they are most abundant on the external 
surface, viz., that directed towards the anterior wall of the chest, and 
the internal surface, viz., that directed towards the mediastinum ; 
whereas on the posterior surface the bundles are scanty, and become 
more and more so the nearer the vertebral column is approached. ‘This 
distribution of the muscular tissue is therefore in perfect agreement 
with the proportion in which the different parts of the lung participate 
in the respiratory movement, the fibres being most richly distributed 
over those parts of the pulmonary surface which are subject to the 
greatest extent of excursions, and vice versd. In rats and rabbits, as 
well as in cats and dogs, bundles of unstriped muscular fibres occur 
sparingly ; at any rate there are none on the posterior surface of the 
lung of these animals. As soon as the superficial parts of the lung 
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A, Meshwork of unstriped muscles in the pulmonary pleura of a guineapig suffering from 
artificial tuberculosis : 

@, Intermuscular lymph spaces lined by endothelium. &, Muscular trabecule.--Magn. x 300. 

B, Meshwork of unstriped muscles in the normal pulmonary pleura of guineapig.—Magn. x 300. 


become the seat of a chronic inflammatory process (e.g. tuberculosis, 
chronic pneumonia), the muscular bundles increase in breadth and 
number to such a degree, that they form a continuous membrane, 
chiefly in those parts of the surface which correspond to the diseased 
portions of the lung. 
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b, Branches emerging from the depth, i.e., the interalveolar tissue.—Magn. x 90. Seep. 21. 


a, Main branches provided with valves. 
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1, Subpleural Iyitiphatioe, —The meshes of the muscular membrane 
of the lung of guineapigs are lined by a single layer of flattened endo- 
thelial cells, constituting, in fact, a communicating system of lymphatic 
sinuses. I call this system of lymphatics the zntermuscular or pleural 
lymphatics. In the distended lung of the guineapig, these pleural P 
lympathic sinuses are seen to be covered by hardly anything but the 
endothelium of the pleural cavity, between which and the cavities of 
those sinuses a free communication exists by means of true stomata; 
so that the endothelium lining the sinuses is here directly continuous with 
that of the pleural surface. In every case of chronic pleuritis induced 
by injecting irritating substances (such as products of acute and chronic 
pyzemic processes, products of indurated lymphatic glands), an active ger- 
mination of the endothelium around those stomata takes place (see Fig. I.). 
This germination extends not only to the endothelium of the neighbouri ing 
parts ‘of the pleural surface, but also to the endothelium of the intermus- 
cular lymphatic sinuses. The relation between the cells of the membrana 
propria of the pleura pulmonum and the endothelium of the surface, is 
similar to that already described by me in other serous membranes, the 
cells of the propria throwing out processes, which project between the 
endothelial elements of the free surface, thus forming pseudostomata. 
The pleural lymphatics stand in communication with lymphatic tubes, 
which lie in grooves, the arrangement of which corresponds with that of 
the most superficial groups of alveoli of the lung. ‘These may be called 
the subpleural lymphatics ; they are provided with valves, and form a 
network of anastomosing lymphatic vessels. ‘The larger trunks run 
along the ligamenta pulmonum towards the root of the lung. This 
system of lympathic vessels is best developed in the lung of the dog, 
in which it has been described by Wywodzoff; it is also well developed 
in the lungs of rabbits and cats. It receives lymphatic branches, which 
take their origin between the alveoli of the superficial portions of the 
lung. The mode of origin of these interalveolar lymphatics is that 
already described in my report on the serous membranes. ‘The septa of 
the alveoli contain branched connective-tissue corpuscles ; the spaces in 
which these cells lie, forming the lymphcanalicular system, open into the 
cavities of the interalveolar Iymphatics, with the endothelium of which 
the cells of the lympheanalicular system are in direct continuity. 


2. Perivascular lymphatics.—Besides the system of subpleural lym- 
phatics, the lung contains two other systems ; of which one takes its origin 
in the alveolar septa from branched cells exactly like those previously 
referred to. The lymphatic capillaries of this system lead into vessels that 
accompany the branches of the pulmonary artery and vein ; they run either 
in the adventitia of these vessels in twos or threes, anastomosing with 


each other, or the bloed-vessel is entirely, or only half invaginated in a 
lymphatic vessel (see Fig. 1V.). The branched cells of the alveolar septa, | 
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from which the capillaries of this system of lymphatics (which we will call | 


the perwascular lymphaties) originate, have an important relation to. the 
epithelium of the alveoli ; for they send a process, or a greater or less 
portion of their body, between the epithelial cells into the cavities of 
the alveoli, These represent pseudostomata, such as I have described for 
the serous membranes. As these branched cells have a corresponding 
lymphcanalicular system, it is easy to understand why Sikorski, in his 
experiments, found that carmine entered freely from the cavities of the 
alveoli into the interalveolar lymphatics.: But there is no other commu. 
nication between the cavities of the alveoli and the lymphatics than by 
means of these pseudostomata. Jt can be easily understood that the 
pseudostomatous canals (viz. the canal in which lies the process of a cell 
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projecting freely into the cavity of an alveolus,-and the lymphcanalicular 
system, in which the interalveolar branched cells lie) may become occa- 
sionally distended, e.g. in inflammation, by exudation, or by: migratory 
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From a vertical section through the lung of a guincapig suffering slightly from artificial 
tuberculosis, see p. 21. 


a, Branch of pulmonary artery. 6. Perivascular lymph-spaces, containing granular material 
and lymph-corpuscles ec. d, Transversely cut muscular buudles.--Magn. x 160. 
cells. In fact, it must be assumed that cells, such as are produced by 
catarrhal inflammation of the air-passages, migrate from the cavities of 
the alveoli into the interalveolar lymphcanalicular system through those 
pseudostomata ; and the same assumption must be made for the well- 
known large granular mucous corpuscles, which in many lungs contain 
carbon particles, inasmuch as similar cells are found in the interalveolar 
tissue. 


3. Peribronchial lymphatics —The third system of lymphatics is com- 
posed of lymphatic vessels which are chiefly distributed in the adventitia 
of the bronchi. I shall therefore call it the system of peribronchial 
lymphatics. 'The vessels of this system are usually distributed around 
the bronchi, anastomosing with each other, and especially with the peri- 
vascular lymphatics. ‘The vesseis of the peribronchial system take up 
capillaries, which originate in the mucous membrane of the bronchi and 
penetrate through the tunica muscularis of the bronchi. These capillary 
branches originate in the usual way ; 7.e. their wall is continuous with 
the branched cells of the mucosa, which cells in turn penetrate, as a 
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nucleated reticulum, between the epithelial cells of the bronchus, and Arr, No.3. 
project onits free surface. From this it may be understood how parti- On the Lym- 
cles can penetrate from the cavity of,a bronchus into the peribronchial Pyale System | 
lymphatics, as in the experiments of Sikorski. The lymphatics are to Tubercle, by 
always most numerous on that side of a bronchus which is directed “"°°™ 
towards a branch of the pulmonary artery. In the course of each 
bronchus, especially those that possess only a thin muscular tunic and no 
trace of cartilage, there are generally several vascular lymph-follicles 
to be met with, which are placed in continuity with the endothelial wall 
of a lymphatic vessel, in such a manner that they are surrounded by that 
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From a longitudinal section through the wall of a bronchus of a guineapig’s lung. 
a, Ciliated epithelium. 6, Muscular coat. ce, Lymph-sinus surrounding an injected 
ess a d.  e,\tsendothelium. jf, Injected blood vessels. g Lymph corpuscles. 
—-Magn. x z 


lymphatic vessel, in the same way as the lymph-follicles of Peyer’s 
patches are by their lymph-sinuses. These follicles, already seen by 
Dr. Burdon Sanderson, extend up to the tunica muscularis ; in some 
instances they are to be traced through this latter into the mucosa. They 
always lie in the wall of a lymphatic vessel, between the bronchus and 
the accompanying branch of the pulmonary artery. They are of diffe- 
rent sizes, and are generally spherical or elliptical; sometimes they 
represent merely a cord-like thickening of the wall of the lymphatic 
vessel. In the lung of the guineapig these peri-lymphangeal follicles are 
very numerous; they are not so numerous in rabbits. It can be proved 
that a constant growth and reproduction of these follicles is going on. 
The lymphatic vessels of the two last-mentioned systems, anastomose 
with each other in the ligaments of the lung, and finally enter the 
bronchial lymphatic glands. 
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B. Pathological Conditions. 


I have already mentioned the germination of the endothelium of 
the surface, and the hypertrophy of the muscles, in chronic diseases of 
the lung. . 

In many chronic inflammatory processes of the lung (chronic pyemia, 
artificial tuberculosis, chronic pneumonia) the pleura pulmonum becomes 
the seat. of nodules of various sizes and shapes. Generally they are 
more or less round, and correspond in position to those superticial por- 
tions of the lung which have become the seat of an inflammatory 
process. These nodules of the pleura are due to a very rapid germi- 
nation of the branched connective-tissue corpuscles, simultaneously 
with an increase of fibrous connective-tissue, this latter fact being very 
obvious when the nodules have reached a certain age. As long as they 
are small, they show merely an abundance of cellular elements; in 
their later stages they become richly supplied with capillary blood- 
vessels. 

Lungs of guineapigs that are far advanced in the process of artificial 
tuberculosis (7.e. where the bronchial glands have already become the 
seat of cheesy deposits) show superficial nodules, which are in direct 
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Subpleural lymphatics of a guineapig suffering from artificial tuberculosis, sce p. 25. 


a,Main branches. 8, Interalveolar branches ; both are filled with lymph-corpuscles ; in some 
Maces the lymphatics are in the act of becoming converted into cords of adenoid tissue.— 


plagn. x 300, 
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continuity with the subpleural lymphatics. In horizontal sections 
through such portions of the lung, one finds these lymphatics filled with 
lymph-corpuscles, while at a later period they are occupied by an adenoid 
reticulum, the meshes of which contain lymph-corpuscles, and which is in 
direct continuity with the endothelium of the lymphatic tubes (see Fig. VI.). 
The nodules themselves represent a network of cords, which very much 
resembles adenoid tissue. The meshes of this network of trabecule are 
the alveoli, which, at an early period, contain a few lymphoid corpuscles, 
while the epithelium is, at the same time, in a state of germination, the 
individual cells being swollen and the nucleus in a state of division, At 
a later period the alveoli are filled with small lymphoid corpuseles, while 
the epithelium of the alveoli is no longer to be distinguished as such. 
The blood-capillaries belonging to these alveoli have undergone some 
remarkable changes, of which I shall speak at length afterwards; at 
present I will only mention that at a later period they are no longer 
permeable for the blood. ‘These interalveolar trabecule of adenoid 
tissue, forming the framework of the superficial nodules, are developed 
from the branched connective-tissue corpuscles of the alveolar septa. 
The same process extends to the subpleural lymphatics, originating from 
these interalveolar connective-tissue corpuscles, in such a way that these 
lymphatics become converted into cords of adenoid tissue connected with 
their endothelium. Consequently these lymphatics become converted 
into endo-lymphangeal cords. 

Tn the same stage of the process of artificial tuberculosis characterized 
as above stated by “the presence of cheesy deposits in the bronchial glands, 
two kinds of morbid structure can be distinguished by the naked eye 
on the surface of the lungs :-—~ 

(a) ‘Translucent structures of a circular or irregular shape, sometimes 
projecting slightly above the surface, generally isolated, but in some 
instances confiuent, so as to form patches. ‘The smallest are of the size 
of the head of a small pin ; some of them are three, four, or several times 
as large. In some lungs only the large structures are to be found; the 
larger kind have generally a yellowish centre. 

(b) Opaque patches of considerable diameter pr ceil aneie the 
surface of the lung, some of them relatively very large (about 1 to 41, of 
an inch), quite white, and very firm. On-sections fhe ough the lung one 
finds that the first kind of structures correspond with ‘cords provided 
with lateral nodular swellings, which accompany the branches of the 
pulmonary artery and vein. ‘The second kind of structures correspond 
with nodules and patches which are irregularly distributed in the tissue 
of the lung. On microscopical examination it is seen that the first kind 
of structures are perivascular cords of adenoid tissue, representing the 


follicular tissue which is found in the walls of the peribronchial lympha- 


tics in the normal condition (see Fig. VII.). Many of these perivascular 
cords or nodules are supplied with a system of capillary blood vessels. ‘The 


second kind of nodules, or patches, are seen to consist, on microscopical 


examination, of a framework of trabeculae which corresponds to the in- 
teralveolar tissue ; they represent trabecule of adenoid tissue which are 
in continuity with the perivascular cords first mentioned. The meshes 
of this network are more or less filled by cells lying in the spaces 
that were previously the cavities of the alveoli. The question arises, 


How do these two kinds of morbid structures develop, and what is their 


ultimate fate ? 

If one studies sections of lungs that possess very few of the first kind 
of cords and nodules, one comes across a number of the lymphatic 
vessels that accompany the branches of tiie pulmonary artery, con- 
taining more or less numerous lymph-corpus¢les. . In addition to those 
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just mentioned, lymphatic vessels may be found the endothelium of 
which is in continuity with a thin short cord of adenoid tissue that 
stretches along the outer wall of the lymphatic, or (as may be seen in 
some places) projects into its cavity, thus connecting the two endothelial 
walls of the lymphatic ; in other words, we have here a peri- as well as 
an endo-lymphangeal growth of adenoid tissue, connected with the 


Fic. VII. 





From a vertical section through the lung of a guineapig suffering from artificial tuberculosis. 
a, Blood vessels in transverse section filled with blood. 6, Perivascular cords of adenoid tissue. 
d, Nodular swelling of the latter. c¢ Alveoli: e, Interalveolar tissue—Magn. x 60, see p. 25. 
endothelium of the lymphatic.. From what I have shown in the case of 
the serous membranes, there can be little doubt that the above-men- 
tioned tuberculous cords of adenoid tissue accompanying the blood- 
vessels are in reality only peri- or endo-lymphangeal outgrowths of the 
endothelium of the lymphatics. It is important to state that, at the 
same time, the follicies of the bronchial adventitia increase in size, and 
also that a peri-lymphangeal new growth takes place on the peribronchial 
lymphatics. From the study of the normal lung, it can be ascertained 
that all the large branches of blood-vessels are not accompanied by lym- 
phatics, nor even a single branch along its whole length, but that in 
some places they are only surrounded by branched connective-tissue 
corpuscles, which may be said to belong to their adventitia. Ina parti- 
cular case, it cannot be determined whether a certain tubercular cord 
has developed by the increase of these adventitial cells, or whether it 
has developed from the endothelium of a lymphatic, either as a peri- 
or endo-lymphangeal cord ; for the fully developed cords have the 
same relation to the blood-vessels as if they had developed in their 

adventitia. 

I have already mentioned that the growth of adenoid tissue in the 
branches of the subpleural lymphatics extends to the connective-tissue 
corpuscles between the alveoli. Exactly in the same way we see the 
perivascular adenoid cords spreading between the alveoli; that is to 
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say, the perilymphangeal erowth of tracts of adenoid tissue extends Avr. No.3. 
from the lymphatics to the interalveolar branched cells, with which the on the Lym- 


endothelium of the former is in direct continuity. _ phatic System 
rm : : : .. and its relation 
The first points at which the tubercular perivascular cords of adenoid to Tubercle, by 


tissue make their appearance are the ultimate branches of the pulmonary Dr. Klein. 


artery and vein, whence they spread along the lymphatics towards the 


Fig. VII. 
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seca 
From a section through the lung of a tuberculous guineapig. 

a, Branch of pulmonary artery. 0, Branch of pulmonary vein. e¢, Tubercular nodule. 

d, Tubercular cords.--Magn. x 60. 

larger branches as well as towards the interalvcolar branched cells. In 
general the growth in the first direction (that is, towards the larger 
branches) goes on much more abundantly and rapidly than in the other 
direction. | 

The following important facts are constantly met with in the tuber- 
culous lungs of guineapigs:—The ultimate branches of the pulmonary 
artery show a germination of their endothelium, which is already 
recognizable in the earlier stages of the disease, at a time when peri- 
vascular cords are only rarely to be found. If the process advances, the 
germination of that endothelium reaches such a degree that the cavities 
of the blood-vessels are almost filled with its products, only a very 
narrow central canal being left free. In later stages, the tunica media 
of the smaller and middle-sized vessels, that are provided with peri- 
vascular cords, becomes very much thickened, and splits into lamine, 
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App. No.3. between which lie accumulated lymphoid ceils, either free or contained 
OntheLym- 2a reticulum. In many places it can be shown that the adenoid tissue 
phatic System of the perivascular cords gradually grows towards the cavities of the 
tor Taber ba vessels, and finally essumes the whole portion of the vessel into its 
Dr. Klein, substance. The chief fact of importance, however, is that the capillary 

blood-vessels of those interalveolar trabeculz, into which the perivascular 
cords have penetrated, have become converted into solid nucleated 
bands and threads, which are in continuity with the surrounding 
reticulum. ‘These threads, although they appear solid, must be taken 
as still permeable by fluid substances; for in lungs, the pulmonary 
artery of which had been previously injected with a cold solution of 
Berlin blue, the cavity of many of the capillaries in the neighbourhood 
of these interalveolar trabecule stops short, but the injecting material 
can be traced into the nucleated filaments which enter these trabecule. 
Irom the study of a great number of specimens taken from lungs in 
different stages of the process of artificial tuberculosis, I have reason 
to believe that the first parts which undergo inflammatory changes are 
the ultimate branches of the pulmonary artery and the capillaries next 
to them, and that the morbid process extends from them to the corre- 
sponding lymphatics. 

I have already mentioned that where the alveolar septa become 
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From the same lung as Fig. VIIT. 
Branch of pulmonary artery. 0, Capillary blood vessels surrounding the alveoli. ¢, Perivas” 
cular adenoid tissue. @, Epithelium of alveoli. e, Giant-cells, having originated by the 
fusion of several epithelial cells,—Magn, x 400, see p. 29. 
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thickened, the epithelium of the alveoli becomes gradually changed, so 
as completely to fill the cavities of the alveoli. By this means nodular 
or patch-like structures are formed, which may be called secondary 
patches. It may be said, in general, that the epithelial cells germinate : 
they enlarge; their nuclei divide; and then the cells themselves divide. 
In many alveoli there appear, besides isolated epithelial cells, with or 
without carbon particles in their substance, numerous small lymphoid 
corpuscles. In some of the alveoli the enlarged epithelial cells become 
fused together to one large mass of granular protoplasm, which contains a 
number of nuelei in its periphery ; this represents, in the true sense of the 
term, a “giant cell” (see Fig. [X.). We may therefore say that, at an early 
period, these patches consist of trabeculae, which represent the thickened 
interalveolar septa and their meshes (the alveoli), and that the latter are 
filled either with small cells or with giant cells, or rather with multi- 
nuclear protoplasmic cylindrical masses. ‘These secondary patches 
eradually increase in size, by the extension of the adenoid meta- 
morphosis of the alveolar septa, and the changes of the capillary blood- 
vessels, indicated above. 


A perivascular cord may become furnished with a number of lateral 
nodules of adenoid tissue from the assumption, by adenoid interalveolar 
cords, of the contents of alveolar cavities into their own tissue. Where, 
however, the alveolar cavities contain giant cells, other remarkable 
changes take place. ‘These are as follows :—The cylinders of multi- 
nuclear protoplasm grow and divide into a number of giant cells, which 
ezradually become eonverted into a tissue to a certain extent resembling 
adenoid tissue, but differing from it in many respects. Thus the giant 
cells give origin to a more or less regular network of nucleated cells, 
which, consisting at first of granular substance, soon assumes the ap- 
pearance of a more or less distinct fibrillar substance ; in their meshes 
lie only a limited number of lymphoid cells. This tissue spreads very 
rapidly, and finally undergoes, from the centre outwards, a fibrous 
degeneration, which becomes the seat of cheesy deposits. — 


Different lungs are somewhat different in this latter respect. In 
some cases the transformation of the giant cells into a network of 
nucleated cells goes on very rapidly ; and then the cheesy metamor- 
phosis is also soon established. In other cases the growth of the 
network of nucleated cells has a very long duration, and consequently 
the growth of the secondary patches remains active for a long time. 
The network of nucleated cells is, at no period of its development, 
such a delicate reticulum as in the adenoid tissue, nor does it contain 
lymphoid corpuscles so constantly as this latter. Moreover the adenoid 
tissue of the perivascular cords or their lateral nodules never becomes 
the seat of a fibrous or cheesy metamorphosis. ‘The more the lung has 
advanced in the process of artificial tuberculosis, the more do we find 
the tissue of the lung, in the neighbourhood of the primary and secon- 
dary nodules, undergoing inflammatory changes which consist in thick- 
ening of the alveolar septa, and in a granular condition of the walls 
of their capillary blood-vessels, the nuclei of which are in active ger- 
mintion, their number being disproportionately large. 


In the peripheral parts of the lung the most numerous secondary 
‘nodules are to be met with; and consequently the most numerous 
cheesy deposits are here to be found. I have often seen a system of 
large patches projecting somewhat above the surface and radiating 
towards the deeper parts, as the terminal branches of a minute bronchus 
pass towards the stem. 
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The secendary process extends from the terminal branches (alveoli 
and infundibula) to the large bronchi. In these the process becomes very 
marked, and consists of the following changes :— 


(a) The epithelium germinates very abundantly, whereby the cavity 
may finally become almost completely plugged up by the progeny of the 
epithelium. 

(6) A more important change consists in the germination of the 
tissue that we have designated above as pseudostomata, namely, the 
branched cells of the tunica mucosa that extend between the epithelial 
cells and the surface; this tissue grows so as to form a very rich adenoid 
tissue. At the same time an active growth of adenoid tissue in the 
walls of the peribronchial lymphatics takes place ; that is to say, there 
is a hyperplasia (Sanderson) of the pre-existing follicles, as well as a new 
formation. [The most active transformation of the pseudostomatous 
tissue of the bronchi into adenoid tissue I have met with was in rabbits 
suffering from chronic pyemia; it has been already stated that the 
reticulum of branched cells which stretches between the epithelial cells 
of the surface is better developed in rabbits than in guineapigs, in the 
normal condition. | 


(c) In the large bronchi, which have become involved in the secon- 
dary process, another noteworthy change takes place, viz. the fusion of 
groups of the germinating epithelial cells, not only those of the free 
surface, but also those of the mucous glands, so as to form multinuclear 
protoplasmic cylinders and lumps (giant cells). 


This secondary process affecting the alveoli and bronchi, which 
may be justly called the catarrhal pneumonic process, always accom- 
panies artificial tuberculosis when it has extended to the interal- 
veolar tissue; in the early stages of artificial tuberculosis, only the 
perivascular lymphangeal cords are to be met with. : 


If the infection has been established from the pleural cavity, the ger- 
mination of the endothelium of the surface round the stomata, and the 
transformation of the subpleural lymphatics into cords of adenoid tissue, 
is the first symptom, and is followed by the appearance of perivascular 
adenoid cords. If, however, the lung becomes tuberculous by infection 
from the blood-vessels, the peritoneal cavity, or the subcutaneous tissue, 
the perivascular adenoid cords are the first structures that make their 
appearance. In lungs which have become the seat of chronic pyzmia, the 
first changes are to be found in the alveolar septa and alveoli, viz., the 
formation of patches and rodules similar to those that I have designated 
before as secondary ; and if the process lasts long enough, those changes 
tuke place that I have designated before as primary tuberculous 
changes. 


The opinion has been expressed (by Sanderson and Wilson Fox) that 
the process of artificial tuberculosis in the lungs of guineapigs resembles, 
in its anatomical features, the tuberculosis process in man. I will there- 
fore examine the process that is clinically and anatomically known as 
acute miliary tuberculosis in man. For this purpose I shall describe 
the changes that I found in three series of cases of the disease in 


children, representing, as we shall see, three different stages of develop- 


ment. In the first series the lungs exhibited all the anatomical appear- 
ances of acute miliary tuberculosis. On microscopical examination it 
was found that the nodules were due to groups of alveoli (with the 
corresponding infundibula) being filled with and distended by a fibrinous 
material that contained granules and a few small cells ; generally these 
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latter occupied the centre of the alveoli. The walls of the alveoli were App. No.8. 
hardly distinguishable ; and the capillary vessels were not permeable, a3 on the Lym- 
shown by the fact that, in well-injected preparations, the injection did phatic System 
not penetrate into the capillaries of the alveolar septa. The alveoli next {o Hunseaeey: 
to these nodules contained the same fibrinous material ; but they were Dr. Klein. 
not filled up by it completely; and their epithelium could be distinctly 
recognized, having become wholly or partially detached, the individual 

cells being somewhat enlarged, and some of them containing two nuclei. 

Here the injection material penetrated the capillary blood-vessels more 

or less perfectly ; the alveoli of the neighbouring parts contained either 

a small amount of fibrinous material, besides isolated young cells, or a 


Fig. X. 





From a vertical section through the lung of a child that died of acute miliary tuberculosis. 
The figure represents about the third part of a tubercle. 


a, Injected blood vessels, becoming quite impermeable towards the centre of the tubercle. 
b, Centre. c, Periphery of the tubercle.—Magn. x 160. 


homogeneous gelatinous substance that had become stained with hema- . 
toxylin. The epithelium was very distinct, its cells granular. In some 
of the alveoli the epithelial membrane was more or less detached from 
the alveolar septa; the capillary blood-vessels were perfectly permeable. 


In the second series of acute cases of miliary tuberculosis, in which the 
Jungs did not differ in macroscopical appearance from those of the first 
series, but in which the process had lasted longer, the microscopical appear- 
ances were somewhat different. The nodules were seen to differ in their 
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Arr.No.3. structure from those in the former series in the following respects. In 
OntheLym- some of them it was easy to recognise that they represented a number 
phate fyatom. of alveoli very much distended by a fibrinous substance similar to that 
i ation . : : 2 
to Tubercle, ry described above, which included granular material and a number of £ 
on eee small cellular elements ; the trabecule of these nodules (that is, the 

interalveolar tissue) were slightly thickened and contained young cells, 
their capillary blood-vessels being not completely permeable and not 
easily distinguishable. Besides these there were nodules of which only 
the central alveoli were in the state just mentioned ; whereas in those 
situated more peripherally the fibrinous material could no longer be 
discovered, but they were filled in one or other of the following ways :— 
First, by spherical nucleated elements, many of which could be still 
recognised as epithelial cells, by their size, granulation, and nucleus, 
and some of which contained two nuclei. In these places the inter- 
alveolar trabecule were thickened in a very marked manner, exhibiting 
all the appearances of an infiltrated tissue, that is to say, a more or less 
distinct reticulum of nucleated fibres, in the meshes of which lay small 
lymphoid corpuscles very readily stained by logwood or carmine. Or, 
secondly, they were filled by one large multinucleated mass or giant cell. 
In the latter case the giant cell, or rather the multinuclear protoplasmic 
cylinder, contained the nuclei either regularly distributed in its 
periphery, or all crowded together in the central part of the mass. As 
regards the nuclei, it may be said that they stain readily ; they are 
relatively small, sharply outlined, and contain one or two nucleoli. The 
protoplasm of the giant cellis tinted slightly yellowish, does not stain im 
hematoxylin, and is very recularly filled with small granules ot equal size. 
As regards the development of these giant cells and their nuclei, I must 
first contradict those authors who say that they originate generally by a 
free-cell formation in the veins, as well as those who make them 
originate in lymphatic vessels; for I have followed their development 
from the epithelial cells of the alveoli with all possible certainty. [have 
been able to make out that the whole epithelial lining of an alveolus 
becomes fused together into one protoplasmic lump, which fills the 
alveolar cavity, and the nuclei of which. rapidly divide, remaining, how- 
ever, in their original places, viz. peripheral. What we have before us 
is a protoplasmic cylinder, the transverse section of which shows a 
peripheral ring of nuclei. Buta single epithelial cell may also become 
transformed into a multinuclear giant cell: an epithelial cell increases 
rapidly in size, probably at the expense of its fellows ; its protoplasm 
becomes enlarged as well as its nucleus, then this nucleus gives rise by 
cleavage, or by budding, to a number of small nuclei, so that it is trans- 
formed into a number of nuclei lying in the middle of the cell.* 


Where the alveoli contain giant cells the alveolar septa are very much 
thickened, and are seen to consist of a tissue that contains branched 
and spindle-shaped cells, the substance of which has more or less the 
appearance of a fibrous tissue, their processes as well as their body 


(a a ee ae 





ey 


* T have little doubt that Klebs would be inclined to regard the very regular 
‘pranulation of the giant cells previously mentioned, as being due to the presence of 
micrococci; such an assumption, however, could not easily be proved. It does not 
follow because a substance is filled very regularly with granules that these are micro- 
cocci. To such view it may be objected, first, that there a number of normal tissues 
that appear after hardening to be just as regularly filled with granules (e.g. the liver- 
cells of any liver hardened in spirit), and, secondly, that the resistance of these granules 
to acids and alkalies after hardening does not prove them to be micrococci. 
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being slightly fibrillar. Between these there are very few lymphoid Arr. No.8. 


corpuscles to be found. ithe dams 
phatic System 
Fic. XI. and its relation 
to Tubercle, by 
\ Dr. Klein. 


é | Loe ; gan 


ee, 
eer 
Tee TENN 
a 
SS) 


5 wh, — 
ns Ly i i U9 RS 


l) 
A) : f 


Wad 
PW WZ 
i 
U 


WU WY 
ey 


















DANK \ 
RN 3S 
fe \\ip i Wy 
C$ DRO 







Nf aS 
ie 
SON ‘i ye 
RW 
y uss MG 


¥ SON ©. 
> ACWW : : 
/ KYO 
EL Ye. 








SZ 
Se 


“SS 
I? 
MH; 
NS 


(| 










L2G 
Se] 
} 

<i 





7 hy as Ve yt 
IN 
aT BE SM WAZA, / 
7 J W| WAHE 
(S| Bs Wie | 
ZIPS 
—Z22ZF. Yep DS 
Pee Yesf (s 
LY 


From a vertical section through the lung of a child that died of acute 
miliary tuberculosis. The tubercle represented in this figure is of a later 
stage than the one in Fig. X. 

The tissue surrounding the tubercle is like adenoid tissue; the original 
alveoli contain giant cells, which give origin to nucleated fibres.--Magn. x 50. 

In a third series of lungs, which also in macroscopical aspect did not 
differ from the former ones, it was seen that almost all the nodules 
contain giant cells, corresponding to the alveolar spaces. These, how- 
ever, have undergone changes which are correctly described by Schitppel 
and others; 2.e. the giant cells give rise to a network of branched 
nucleated cells, as well as to a few spherical nucleated elements that lie 
in its meshes. This network grows at the expense of the giant cell, 
which undergoes germination at the same time. We have here what is 
generally called a reticular tubercle (see Fig. X1.). From one giant cell 
a number of giant cells may take their origin. 

The nearer to the centre of a nodule the giant cell lies, the more 
extensively and quickly does a transformation of its substance take 
place. It becomes converted into a very dense feltwork of fibrillar 
tissue, the nuclei of which gradually disappear, while the tissue itself 
dies away, becoming firm and hard, and finally resembling a granular 
substance, in which fibrils can be made out very indistinctly. While 
the network of the nucleated cells continues to grow at the expense of 
the giant cells, the process of necrosis spreads gradually to the peripheral 
parts. In this stage of the process the thickened interalveolar trabecule 
become also comprised in, and identified with, the tissue that originated 
from the giant celis. In the neighbourhood of the nodules there are 
very numerous places where the interalveolar trabecule are thickened 
and contain numerous young cells, the epithelium of the corresponding 
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Arp. No.3. alveoli being, at the same time, ina state of germination. In general 
OntheLym. the tubercular nodules of both these latter series have the common 
phatic System character that the peripheral zone of the tubercular nodule is a regular. 
to tsonite ter adenoid tisstie, being composed of a delicate reticulum which includes 
Dr. Klein, small lymphoid corpuscles ; this adenoid tissue is in continuity with 

the tissue of the interalveolar trabeculze above mentioned. In these 
stages of the tuberculous process, we find numerous branches of large 
blood-vessels in the immediate neighbourhood of the nodules, provided 
with the same perivascular cords of adenoid tissue as have been 
described in the tuberculous lung of the guineapig. 

Finally, it may be mentioned that these nodules also grow in circum- 

ference, by the alveolar septa of the neighbouring alvecli gradually be- 
coming thickened, while, at the same time, the epithelium of the corre- 
sponding alveoli undergoes the changes before described. The capillary 
vessels of these parts show the same changes as were mentioned in the 
case of the lung of the guineapig, i.e. they are transformed gradually 
into nucleated fibres, which may be supposed to be, for a certain time, 
still permeable by coloured fluids. 
_ Ifwe summarize the results thus described, it is evident that the changes 
in the acute process of miliary tuberculosis in man are only to a limited 
extent similar to those which occur in the process of artificial tuberculosis 
in guineapigs. In the lung of tuberculized guineapigs the first structural 
changes may be briefly characterised as consisting in the appearance of 
perivascular lymphangeal nodules, whereas the changes of the inter- 
alveolar tissue and the alveolar epithelium form only.a secondary process. , 
In miliary tuberculosis of man, on the other hand, we see that the first 
changes take place in the alveoli and interalveolar septa, and these 
changes are followed by the appearance of perivascular cords. 

It is therefore probable that, in artificial tuberculosis of the lung of the’ 
guineapig, the parts first attacked are the small branches of the pulmo- 
nary artery or pulmonary vein, whereas in acute miliary tuberculosis of 
man the capillary blood-vessels of the alveoli seem to be the tissue from 
which the action of the morbid agent starts. 
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ANATOMICAL REsEarcH towards the Autrotoay of CANcER, 
by Dr. CREIGHTON. 


The name “ cancer” as applied to a kind of tumour contains in it no 
definition of the object. According to the current explanations of its 
origin the name is purely fanciful. It is said by some writers to have 
been applied to certain tumours of common occurrence to signify their 
gradual and persistent progress. According to others, the name origi- 
nated in the resemblance of the spreading veins, often seen in the 
cancerous breast, to the extended claws of the crab. Virchow, who 
quotes the latter explanation, supports it by the fact that the con- 
dition of pannus, depending on the unwonted appearance of branching 
blood vessels in the cornea, was at one time also known as carcinoma. 
In the latter view the name connotes by a round-about way, a pro- 
perty of the disease that is entirely accidental; in the former view, 
the name conveys also in a metaphorical form, the sum of qualities 
implied in the term “ malignant ;” and it is no doubt on account of this 
figurative meaning precariously associated with it, that the name of 
cancer is still retained in the scientific classification of diseases. From 
its metaphorical nature it is, however, quite unfitted ever to become a 
general name in medicine connoting a certain definite assemblage of 
attributes. As a figurative expression it implies with suflicient fullness 
all that is implied in the term “malignancy,” and its proper function 
may be considered to be that of an additional and colloquial name 
for all tumours whatsoever that prove to be malignant. 

But unfortunately as tumours have come to be more thoroughly 
investigated, the term cancer has had assigned to it by courtesy a certain 
definite connotation quite foreign to, and not at all suggested by its 
etymology. Pathologists chiefly in Germany have retained the figura- 
tive name of cancer, side by side with such anatomical terms as enchon- 
droma, myxoma, &c., as the generic name of a greater part of the 
new growths that have an epithelial type of structure. This arrange- 
ment, illogical in itself and tending to the confusion of students, came 
about naturally enough. At an early date in the study of disease, the 
word cancer in one form or another was applied to several very distinct 
diseases, including pannus (carcinoma), already mentimned, noma 
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(cancer aquaticus), and chancre. These came to be detached from the | 


cancerous group before the time of accurate microscopie investigation, 
but since the discovery of the different tissues of the body, the process 
of detachment has been very much extended. The law of Johannes 
Miiller that all tumours correspond in their structure to one or other of 
the various tissues of the body, formed the basis of a scientific classifi- 
cation of tumours. Miller himself erected the class of enchondromata. 
Hannover applied the term epithelioma to a class of tumours also known 
ag cancroid, while Virchow defined the new classes of myxomata, gliomata, 
and most important of all, sarcomata. The latter term had previously 
existed as it were in rivalry with the term cancer, and was applied with 
equal uncertainty. Thus J. F. Meckel spoke of a “ pankreasartiges 
Sarcom.” Unlike cancer, however, it did connote certain objective 
characters of new growths, and on this ground it has been retained by 
Virchow as being capable of a scientific definition. It implied originally 
a kind of structure resembling exuberant granulations, and inasmuch as 
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the new growths developing from cells of the connective-tissue series are 
supposed to pass through a stage of “indifferent granulation,” this 
common point in their history has been laid hold of as the: limited 
generalisation which shall be conveyed in the name. 

Thus there have been drafted off under new classes a very large 
number of the heterogeneous assemblage of tumours at one time 
known as cancerous. ‘The residue are tumours of an epithelial type 
of structure, including some that had from the first been considered 
as pre-eminently canceraus, such as tumours of the female breast, 
and of the stomach; and for this residue the original unscientific and 
fanciful name has been retained. The question remains whether the 
term cancer should not rather be employed as a general synonym for 
malignant tumours, when such are spoken of solely in respect of their 
malignancy and without reference to their histology ; that is to say, as a 
convenient additional name implying no more than is implied in the 
original metaphor. In this country modern usage has practically given 
this signification to cancer. But if cancer is to be employed in this 
sense, and not asin foreign writings, also in the histological sense, it 
remains to find a scientific term which shall be a name for new growths 
of epithelial origin, as sarcoma is a general name for tumours of a 
connective-tissue origin. 

There is, however, a fundamental want of agreement as to whether 
new growths of an epithelial type of structure do actually develop 
from epithelium. Professor Virchow holds that the all-pervading con- 
nective tissue is the matrix of these as well as of the connective-tissue 
growths proper, just as the school of pathologists, which it is his merit 
to have superseded, held that an all-pervading blastema was the matrix 
of every new growth. ‘Till there is more agreement on this point, a 
scientific name for the tumours of epithelial-like structure, based as it 
will necessarily be on their histogenesis, must be postponed. | 

In making a systematic investigation of points in the histogenesis 
and causation of malignant tumours, it was obvious at the outset that 
the investigation would be facilitated very much if such tumours could 
be produced artificially. Not only would the channels of infection, and 
perhaps the agents of infection, be discovered, but the disease itself, 
the product of the infection, might be obtained at the various stages of 
its development, and, to speak generally, under conditions that could be 
varied to suit the requirements of the research. Attempts were there- 
fore made to propagate cancerous tumours artificially, by means of the 
injection of the cancerous juices, and by the grafting of portions of 
tumours among the tissues of an animal. Previous experimenters 
having failed in the attempt to graft portions of cancerous tumours from 
the human subject on dogs, occasion was taken to graft from one dog 
to another, and, in the case of a mammary tumour in the cat, from that 
animal to another of the same species. ‘The experiments in dogs failed 
in several cases from the difficulty in retaining the graft in the animal 
designed for infection. In two cases, however, thin slices of the granu- 
lating surface of mammary tumours were applied to previously prepared 
evanulating surfaces of the subcutaneous tissue in other dogs, and 
successfully retained by stitching the skin over them. In both cases no 
growth at the point of grafting took place, but a thickening under the 
cicatrix, corresponding to the size of the graft introduced, could be felt 
for some weeks after. A. dissection was not made of these cases, but 
there is no doubt that the grafts, as in former experiments where por- 
tion of tumours of the human subject were grafted cn animals, became 
surrounded by a fibrous investment as if they had been foreign bodies 
and incapable of being incorporated with the surrounding tissues. The 
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injection of the cancer juice under the skin was tried in several cases 
without effect. Both in these and in the grafting experiments care was 
taken that no interval should elapse between the removal of the tumour 
and the commencement of the experiment, so that the tumour elements 
used for inoculation presumably retained their vitality. These expe- 
riments were very limited in number, for the case of the inoculation of 
tubercle appeared not to be an analogous case, and beyond the supposed 
analogy of tubercle there was nothing to indicate the conditions under 
which cancer might be produced. 

Recourse was then had to the microscopic examination of new 
erowths with material procured in the ordinary way of post-mortem 
examination. Reversing the order of sequence, secondary tumours, 
chiefly in the liver, and also in the lung, kidney, and serous membranes 
were first made the subject of an investigation.* It seemed probable 
that the. minute examination of secondary tumours in the liver, in a 
series of cases where the primary tumours were of various texture, 
would throw some light on the common element of malignancy to which 
they owed their origin. ‘The liver was, as it were, neutral ground, in 
which the malignancy of the parent tumours, whether they were 
cancerous (epithelial), sarcomatous, or lymphomatous, manifested itself. 
The tumour-nodules in the liver were further recommended for 
investigation by a circumstance of the first importance in an inves- 
tigation having reference to histo-genesis. Although it generally 
happens, in cases where secondary tumours are found, that the disease 
as a whole has fully developed itself, and has been indeed the cause 
of death, it is not uncommon to find the secondary nodules in one 
organ or another in all stages of development, from the most initial up 
to the most advanced. ‘Thus, in one of the cases to be hereafter 
referred to, the Jungs contained secondary tumours so broken down as to 
be hardly available for minute examination, whereas the liver contained 
only two or three very small nodules, which were presumably, from 
their size and isolation, the very earliest manifestation of the disease in 
that organ. 


The tumour-nodules in the liver occurred as secondary growths in the 
following cases :— 


1, Cancerous tumour (of tubular gland structure) of the ascending 

' colon, in a horse examined post-mortem at the Brown Institution. 

The Hodules in the liver were numerous, and varied in size from 

a billiard ball to a small nut. The peritoneum, chiefly of the 

diaphragm, and also of the abdominal parietes, was the seat of 
numerous small nodules, often fused into cords. 

2. Spindle-celled sarcoma (melanotic) of the front of the leg, back of 
the shoulder, and other parts of the subcutaneous tissue, in a 
female patient under the care of Mr. Croft in St. Thomas’s 
hospital. The liver nodules were numerous, and of various 
sizes. Some of them were marked with melanosis, and others 
presented the usual whitish appearance of liver tumours. Large 
melanotic tumours, very much softened, were found also in the 
axilla and at the root of the lung. ‘The pleura contained a 
good many small melanotic nodules. 

3. Myxo-sarcoma growing from the posterior aspect of the lower end 
of the femur in a male patient, aged 24, under the care of Mr. 
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* The present account is limited to the observations in the liver, £ may he — 


stated, however, that strong confirmatory evidence was derived from several cases of 
secondary growths in the lung. 
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Le Gros Clark, in St. Thomas’s Hospital. The liver nodules 
were three in number, from 4 to 1 inch diameter, situated in the 
upper periphery of the organ. ‘The lungs and pleure contained 
several osseous masses, some of them as large as a walnut.. 


4, Lymphomatous tumours of large size in the spleen of a dog 
examined post-mortem at the Brown Institution. Attention was 
drawn to the liver by several small white nodules near its surface 
the size of a pin-head. The thyroid body on one side was 
greatly enlarged and otherwise changed. 


5. Large spherical white tumours in the liver similar to those found 
in the spleen in No. 4, also ina dog examined at the Brown 
Institution. No seat of disease, that could be called primary with 
reference to the liver tumours, was found. 


6. Tumour of the upper jaw, of soft consistence, and containing 
many giant cells, in a male patient, aged 30, under the care of 
Mr. Simon, in St. Thomas’s Hospital. The secondary disease was 
very extensively distributed within the abdomen and in the 
lungs. The liver tumours were numerous, and varied in size 
from 2 inches diameter to } inch. 


. Cancer of the rectum in a patient who died in Charing Cross 
Hospital. The liver nodules were many of them in an early stage 
of development. (The material in this case was preserved by 
Dr. Bruce.) 


8. Cancer of the neck of the womb in a patient under the care of 
Dr. Barnes, in St. Thomas’s Hospital. ‘The liver nodules were 
few in number, and very small. 

9. Cystic disease of the ovary in a patient under the care of Mr. 
Sydney Jones, in St. Thomas’s Hospital. The liver contained one 
spherical nodule, about $ inch in diameter, abruptly marked off 
from the surrounding tissue, but wanting the white appearance 
of an actual tumour nodule. 

10. Whitish masses in the liver of a dog, of uncertain origin. (This 
case is not introduced as a casc of malignant tumour, but for 
purposes of illustration. ) 
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In cases No. 4, 9, and 10 the nodules in the liver are to be considered 
as in the initial stage, and, when taken by themselves, as of doubtful 
origin and destiny. 

In cases No. 1, 2, 6, and 7 the secondary tumours had a remarkable 
resemblance to the primary, not only in the form and size of the cells, 
but also the arrangement of the stroma, where such existed (1, 6, 
and 7). 

In case No. 3 the primary tumour had at certain points a well-marked 
myxomatous structure, while at other points the arrangement of cells 
and fibres was more nondescript. ‘The nodules in the liver, which were 
rudimentary, resembled more the nondescript portions of the primary 
tumour than the myxomatous portions of it. 

In case No. 8 the primary new growth at the neck of the uterus was 
not obtained for examination. . 

In case No. 5 the liver tumours could not be referred to nor compared 
with any primary growth (source of infection). 

It will thus appear that in five cases there is complete evidence of the 
identity of the secondary tumours with the primary. The nodules in the 
liver were composed of large spindle celis, of giant cells, of tubular 
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gland structure, &c., resembling the parent tumours respectively, and _APP.No. 4. 


this resemblance extended even to very minute particulars. On the Atiology 
aie 5 of Cancer, by 
The current explanations of the origin of secondary tumours in the Dr.Creighton. 


liver may be classed under two heads :—lIst, those which ascribe the Current opinions 
new growth to the multiplication of tumour cells that have wandered Eee eis 
to the liver from the primary tumour, and have become centres of cell- dary tumours. 
proliferation ; 2nd, those which ascribe the new growth to a transforma- 

tion of certain pre-existing elements of the part. The evidence that will 

be adduced below is entirely in favour of the latter explanation, and will 

suffice to show what particular elements are transformed, and what is 

the particular manner of their transformation. ‘The most important 

statements as regards general pathological doctrines that have been made 

hitherto on this point are those of Professor Virchow, and it will be 

necessary to quote them briefly. 


The reference to new growths in the liver is preceded by the follow- 
ing statement of one of the cardinal doctrines of the Cellular Pathology : 
—“ Bearing in mind that the lymphatie tracts, in so far as they are 
“ concerned, have a close relation to the connective tissue, we should 
still not be in error if, instead of plastie lymph—the blastema of 
“ earlier writers, the exudation of later—we were, with a few reserva- 
“ tions, to take the connective tissue, with its equivalents and adjuncts, 
“as the chief matria-tissue of the body, and to trace therefrom the 
* development of the greater part of new formations.” 


The application of this doctrine to the liver, is summed up in the 
passage that immediately follows the sentence just quoted :—“If we 
* take the case of a particular internal organ such as the brain or the 
“ liver, it were difficult to conceive of the formation of a new growth 
“ without the intervention of some special formative material, so long 
“ as one recognised nothing in the brain besides nerve substance, and 
** in the liver nothing but liver cells and vessels ; for one may be easily 
“ convinced that, as a rule, the new growths in the liver do not proceed 
“‘ from the liver cells or the vessels. . . . But I had first to make 
“ out that there were connective-tissue cells in the liver and interstitial 
“ neuroglia cells in the brain, which are the equivalents of the ordinary 
“ connective-tissue corpuscles. In fact it appears to us, as Reichert 
“‘ was the first to suggest, that the groundwork of the body is made up 
** of a more or less continuous mass of connective-tissue elements, in 
‘© which, at certain points, other things, such as epithelium, muscles, 
‘“‘ vessels, and nerves, are set. It is in this more or less connected 
‘‘ framework that the majority of new growths, according to my in- 
“ vestigations, take origin, and that, too, according to laws the same as 
“ regulate the embryonic development.”* 


The summary of facts to be given below is put forward as strong 
evidence that the liver cells, the parenchymatous or predominant celis, 
and not the cells of the connective tissue of the organ are the elements 
that undergo transformation. And this evidence will serve among 
other purposes as a test of the particular doctrine of the cellular 
pathology that is here quoted. 


The transformation that the liver cells undergo consists in a vacuo The process is a 
lation of their protoplasm, with other associated changes. A description (i cals by 
of the usual forms of vacuolated cells met with in the cases above enu- vacuolation. 


merated will first be given. Secondly, it will be attempted to show that 
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the vacuolation of liver cells stands in a causal relation to the formation 
of tumour nodules. Thirdly, the nature of the vacuolation process and 
its significance as regards histogenesis will be discussed. Fourthly, the 
affinities of the vacuolation process, as observed in the formation of 
secondary tumours, to certain forms of cell change in the normal life of 
the organism will be pointed out. 


A typical example of a vacuolated liver cell has the appearance of a 
signet ring. ‘The substance of the cell is excavated to form a vacuole 
or vesicle, at one side, or on one pole of which is accumulated a mass of 
prctoplasm either of crescentic shape with its 
two extremities merging gradually in the 
walls of the vacuole, or as a circumscribed 
oblong or round lump. It is a question, 
O chiefly of terms, whether the peripheral mass 

is the nucleus or the substance of the nucleus 
in an excentric position, but it is an invari- 
able property of this mass, whatever its form, 
that it is capable of deep staining (by log- 
wood, for example) and that it contrasts in 
cells occurring among the this respect with the rest of the cell. The 
tumour cells. | The large cor signet ring form of vacuolated cell here des- 
case 6 (giant-celled), (Hartnack, cribed has been called typical, but a modifica- 
iach ot tion of it, in which there is the addition of a © 





' round cell, also capable of deep staining, lying free in the vacuole, may be 


described asa more perfect type. (In describing these forms as typical, it 
is intended only tomake them available as standards of comparison.) In 
some cases the deeply-coloured peripheral mass is very much larger 
than in others, and the vacuole proportionately smaller. In other cases, 
again, the coloured protoplasm is not massed at one point of the circum- 
ference, but is, as it were, distributed equally round the whole of it, 
forming a substantial cell wail. ‘This is chiefly seen in cases 4 and 10, 
and these cases are so peculiar in this respect that they will be reserved 
for separate consideration. In still another form or degree of vacuola- 
lation, nothing is seen of the original cell but a faint ring, quite un- 
coloured by the staining fluid, and containing within it a round cell 
which, on the other hand, is deeply coloured. 


The different kinds of vacuolation here described are evidently modi- 
fications of one and the same process. 


As regards the contents of the vacuoles the observations are defec- 
tive. The specimens used for the investigation were preserved for a 
considerable time in spirit, and the sections of them were mounted in a 
solution of Canada balsam. After this preparation the vacuoles had 
generally the appearance of being empty, as if their contents had been 
dissolved out, and it is highly probable that they were originally occu- 
pied by fat. In a number of cells in cases 3, 6, and 7, the vacuoles were 
filled with a fluid substance which became stained by the loewood in the 
same way as mucin (for instance in the thyroid body), and in other 
cases they presented the appearance of being filled with a thin granular 
protoplasm. ‘The question of contents will be considered again later. 
It is sufficient for the present to direct attention to the deeply-coloured 
masses of protoplasm associated with the vacuolated cell in one form 
or another, for these are factors that can be reckoned with by themselves 
and independently of the accompanying fluid products. 


The above description of vacuolation is taken from liver cells still 
distinguishable as such, grouped either in acini or cylinders, or lying 
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more or less isolated. It has next to be shown what reason there is Arp. No. 4, 
for supposing a connexion to exist between the process of vacuolation On the Mtiology 
and the formation of the tumour cells. An @ fortiori proof of this will of Cancer, by 
be given in describing in detail the manner in which particular vacuo-" ~ - 

lated cells give rise to tumour cells, but there is a certain amount of 

general evidence of the relation between vacuolation and the growth of 

secondary tumours, which may be stated in the first place. 


The most instructive case for this purpose is the fourth in the above Primé facie 
list. The greatly enlarged spleen contained several large white tumours a ee 
of a well-marked lymphomatous structure. ‘They were spherical in 
shape, some of them projected about an inch above the surface, and they 
were all definitely cireumscribed from the surrounding splenic tissue. 
The liver contained a number of small white pin-head nodules, several . 
of them visible on the surface. On section through one of these it was 
found that the liver tissue, for a radius of about + inch round the 
small white nodule, and toa depth of inch, had a colour different 
from the rest of the liver. This area of altered liver tissue corresponded 
exactly to the usual cup-shaped outline of a tumour nodule in the 
periphery of the liver, and on microscopic examination it was found that 
it was an area of general vacuolation of the liver cells, and that it was 
definitely bounded from the adjacent liver tissue, which was normal. 
It is impossible to regard this appearance otherwise than as the initial 
stage of a new growth, such as was fully developed in the spleen. 
Again, in case 1, there appeared round a white nodule a zone of tissue 
of less marked whiteness. This zone was found to be liver tissue in a 
state of vacuolation, having already acquired a certain resemblance to 
the more developed tumour tissue that lay within it. In case 2 (spindle- 
celled sarcoma) nodules were found divided into smaller areas by bands 
of fibrillar tissue. Among the areas composed of spindle cells there 
occurred one or two also marked off by the fibrillar septa, which were 
composed of cells still distinguishable as vacuolated liver cells. 


Such instances as these serve to establish a primdé facie connexion 
between the vacuolation process and the growth of the tumour. The 
exact nature of this relationship will now be described. It may be 
stated at the outset that it is not to be seen with equal clearness in 
all the cases enumerated. Case 8, for example, would not probably of 
itself have suggested such an origin of the tumour cells, but taken along 
with the others it brings a certain amount of confirmation. The most 
instructive sections were obtained from eases 1, 2, 3, 6, and 7. 


It may be said, in general, that the deeply stained mass of protoplasm 
remaining from the vacuolation of the cell, whether it occupies the 
periphery of the vacuole or exists as a free cell within it, is the tirst 
stage of the tumour cell, which henceforth enjoys an independent 
existence, and develops, so to speak, on a new departure. ‘The varieties 
of its origin are naturally as numerous as the modifications of the vacuo- 
lation process. Where the latter is so extensive that only a small round 
eell survives within the faint outline or skeleton of the original liver 
cell, the tumour element commences at the lowest stage of “ indiffer- 
ence,” or the granulation stage, and may either go on to attain the 
characters of a cell in the primary growth, or, as there is reason to sup- 
pose, it may fall short of this. Coming next to the signet-ring type of 
vacuolated cell, two modifications in its progress towards a tumour cell 
are found. In the first of these the peripheral mass becomes detached 
from the more or less slender ring of the vacuole, which in its turn 
atrophies or disappears in one way or another. It may be well to notify 
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here that in describing the steps of this process, as in the description of 
ith all processes of cell-change from post-mortem 
‘appearances, one is obliged to speak as if the 
successive steps were observed in the same 
element. What is observed is, of course, a 
number of cells of the same kind in different 
stages of the same process. The subsequent 
progress of these disengaged masses, as well as 
of the small round cells described as the first 
variety, may be made out with tolerable cer- 
tainty. It is of course evident from their pro- 
perty of deep staining that they are destined to 
From the liver in case 3. a& development of some kind. The particular 
vacate ide by ade wit, eVidence that they become tumour cells consists 
the mature tumour cells, and in the fact that they are found in all transition 
showing production of small 
round cells. (Oc. 3, Obj. 7.) Stages, and in such proximity as to make the 
relationship not at all doubtful. But it is in 
the other varieties of the vacuolation process that the evidence of identity 
is most direct. In a very large number of the cells, especially in cases 
6 and 6, the outline of the vacuole persists. These are cases of the 
signet-ring type of vacuolation in which the wall of the vacuole is a 
more or less substantial prolongation of the cres- 
Fig. 3. centic peripheral mass, and capable of a faint degree 
of staining. The vacuole, as has been said, does not 
break up, asin the former case, but remains attached 
to the chief element in the new growth, the peri- 
pheral mass, and can be identified in the mature 
tumour cell, What was the vacuole becomes tilled 
with a pale granular protoplasm, the highly coloured 
peripheral mass remaining in the same relation to 
it as it did to the vacuole while the entire cell 
Cells from various could still be called a liver cell. An appearance 
ag iene siving observed several times (in cases 8, 6, and 7), is pro- 
cuoles that have been bably to be considered as the stage intermediate 
toplasm. (Oc. Obp;) between the first vacuolation of the liver cell, with 
toplasm. (Uc. 3, Obj.7.) between the first vacuolation of the liv i 
its probably oily contents, and the stage in which 
the vacuole was filled with a pale protoplasm. In these cases, which 
have alre: ay been mentioned, the vacuoles were filled with a fluid which 
coloured in the same way as mucin, and was therefore to be considered 
albuminous. | 








There was no doubt: of the identity of these cells with liver cells, on 
the one hand, for they occurred in unmistakeable liver cylinders, and 
there was equally little doubt as to their relationship to tumour cells on 
the other hand, for they occurred (in very young nodules) in the midst 
of tumour cells in all stages of development. ‘The occurrence of an 
albuminous fluid in the vacuoles suggests that if, as is probably the 
case, the original contents in the case of liver cells, are of an oily 
character, a substitution takes place of an albuminous fluid, which in 
its turn assumes a more or less solid protoplasmic character. A similar 
substitution has been observed in the subcutaneous fat and in the 
medulla of bone. In many cases the protoplasm which the peripheral 
mass attracts to it or secretes, is disposed not only within the outline of 
the old vacuole, but also as a fringe round the entire cell, But in a 
very large number of cells, in cases 3 and 6 (both sarcomatous), the 
appearance of vacuolation, depending as it does on the deeper colouring 
of the outline of the cell and of the peripheral mass, remained after the 
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contents of the vacuole had ceased to be fluid, and afforded, at the first 
lance, a remarkable proof of identity. 


The giant cells that occurred in great numbers in case 6, and to a 
lesser extent in case 3, are interesting in themselves, and will be spoken 
of again when the nature of the vacuolation process is discussed. For 
the present purpose they serve to show clearly the relation between the 
liver cells and the tumour cells. The 
mature giant cells of the tumour contained 
nuclei generally varying in number, in 
proportion to the size of the cell, from two 
or three up to 20 or more. The nuclei 
were not less in size than a white blood 
corpuscle, and a cell with many nuclei 
formed, therefore, a very large object. In 
several of the cells the nuclei were ar- 
ranged round the circumference of the cell 
like a necklace, leaving the centre free. Cells 
of this size were seen among the liver cells, 

te De sometimes grouped together and facetted 
fa oe choene eit Roast like a cluster of liver cells, having the cha- 
of development, 6 representing a racteristic brownish protoplasm of the liver, 
stage intermediate between a and d. : : : 
(Oc. 8, Obj. 7.) and differing in no other respect from the 
cells of the organ, except in their size and 
the occasional absence of 2 nucleus. The next stage was represented by 
cells evidently corresponding in size and general appearance to the 
former, in which the entire substance of the cell was occupied by a 
number of clear round or oval vacuoles. In one cell a coloured nucleus, 
presumably the original nucleus of the liver cell, was observed at one 
end, having its border scooped out at various points corresponding 
to the segments of vacuoles clustered round it and encroaching upon it. 
The nucleus had thus a stellate appearance, with its rays or processes 
separating for some little distance the vacuoles grouped round it. The 
last stage is the mature stage of the giant cell, where the vacuoles are 
no longer visible, but instead of them coloured nuclei, apparently to the 
same number and in the same positions. In others of the giant cells, 
belonging probably to the intermediate stage, vacuoles were seen con- 
taining small round cells in their centre, with a greyish granular proto- 
plasm filling up the rest of the space. In still another form each 
vacuole had a crescentic coloured mass of protoplasm on one side of it. 


Fia. 4. 





In the cases from which the preceding descriptions are drawn, the 
various modifications of the vacuolar process were generally present 
together. Thus, among the giant cells there occurred cells of the 
ordinary signet-ring type, while in case 3 there occurred along with cells 
that retained the outline of the vacuole, others in which the peripheral 
mass alone developed. The variety in which only a smail round cell 
survived the vacuolation occurred in nearly all the cases. It frequently 
occurred that in the midst of an area of more or less developed tumour 
cells with bright colouring there were found greyish patches with a 
number of small coloured cells strewn over them. On closer examina- 
tion the ground substance or soil of these patches was found to consist of 
the pale, ring-like skeletons of vacuolated liver cells, within many of 
which lay the small, coloured, round cells corresponding to those spoken 
of before as “ indifferent,” or granulation cells. It is possible to infer 
from these appearances either that all the rest of the tumour had passed 
through the same stage, and that those particular parts were backward 


App. No. 4. 


On the Atiology 
of Cancer, by 
Dr. Creighton. 


All the degrees 
of vacuolation 
may be foundi 
the same case, 


App. No. 4. 


On the Aitiology 
of Cancer, by 
Dr. Creighton. 


Other issues of 
the vacuolation 
process, 


104 


in their development, or that in some parts of the liver tissue undergoing 
transformation the cells had undergone a greater degree of vacuolation 
than in the others, and had been first reduced to the “ indifferent ” or 
granulation stage before taking on the characters of tumour cells. From 
the independent proofs given above the latter explanation is the more 
probable. An impression also conveyed by these same patches of 
vacuolated cells is that the number of round cells resulting from the 
process is smaller than the number of liver cells involved, and it is at 
least probable that the products of vacuolation not unfrequently abort. 


Again, though it is quite certain that those indifferent round cells 
do very generally develop into mature tumour cells, there is good reason 
to suppose that in some cases they terminate in a fibrillar or adenoid 
kind of tissue, which may be called cicatricial, in contrast to the tissue 
of the new growth. The evidence in favour of this notion is derived 
from case 1, and more especially from case 2, a spindle-celled sarcoma. 
In the latter certain bands of fibrillar tissue are seen to merge with 
areas of small round cells, the relation of which to the liver cells on the 
one hand and to the tumour celis on the other rests on independent 
evidence. Another observation in connexion with these fibrillar bands 
of tissue is that they sometimes contained, as if imprisoned in their 
midst, small clusters of liver cells in a state of vacuolation. We are 
thus brought face to face with the notion, that not only the vacuolation of 
liver cells can issue in the formation of a fibrillar or cicatricial tissue, but 
that the same vacuolation process which in one group of liver cells may 
give rise to tumour elements may, in an adjoining group of liver cells, 
give rise to the comparatively safe product spoken of as fibrillar or 
cicatricial.* It is to be observed, however, that this, in so far as it is 
proved to occur at all, can only occur where the vacuolation has been of 
the extreme kind, and where the surviving product is a small round 
granulation cell. 


The structure of the lymphomatous tumours shows an approximation 
to the above-mentioned fibrillar tissue, while they still retain their 
character of new growths in the strict sense of the term. In case 4, 
described already has showing a primd facie case for the connexion of 
vacuolation and the growth of secondary tumour, the vacuolation of a 
tract of liver cells was of such a kind that the resulting appearance was 
that of a coarse network, in the meshes of which lay round cells, more 
numerous at some partsthan at others. A later stage of the development 
was not seen in this case, and in the other case of lymphomatous 
tumours (No. 5) the same early stage was not observed. ‘The evidence, 
therefore, taken as it stands, is not conclusive, but there is nothing 
hazardous in supposing that the coarse network, with the small cells in 
jts meshes, as seen in No. 4, would have subsequently assumed the 
character of true lymphomatous or adenoid tissue. Im this case the 
fibrous network was formed by the substantial coloured walls of the 
contiguous liver cells. That the network was formed actually by 








net 


* The observations of Holm and of Hiittenbrenner on the process of repair after 
wounds of the liver are of interest in this connexion. The cicatricial tissue was 
found to be derived from the liver cells, and the first stage of the reparative process 
was found to be a filling of the liver cells with fat. It has also been contended that 
the connective tissue in cirrhoris of the liver is derived from the liver cell, and the 
associated presence of fat in the liver cells has been remarked. Among others, Dr. 
Wickham Legg, (St. Bartholomew’s Hospital Reports, 1872,) argues for the develop- 
ment of the connective tissue in cirrhosis from the liver cells, but the so-called “fatty 
nfiltration ” does not enter into his own description of the process. 
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vacuolated liver cells in cloge apposition, and not, for example, by the 
tela conjunctiva of the organ, was quite clearly shown by the fact that 
there occurred in the same preparations, and contiguous with the net- 
work, liver cells in which the vacuoles were smaller and the peripheral 
masses larger, and all gradations of the process. 


The process of transformation in the liver cells has hitherto been 
spoken of from a purely morphological point of view as vacuolation, and 
the evidence has necessarily taken the direction of identifying particular 
stages of the vacuolation process with particular appearances in the 
tumour cells. It is now proposed to examine the nature of the vacuo- 
lation process, and its significance as regards histogenesis. This is the 
third of the points set down for discussion, and it may be disposed of 
briefly. 

Vacuolation, as described in the preceding account, is the process that 
is known as endogenous cell formation. The signet-ring type of cell, 
or that form, with the addition of a free round cell in the vacuole, may 
be considered as a diagramatic representation of endogenous cell forma~- 
tion. Professor Virchow has described exactly the same forms of cells 
under the name of “ physaliphoren,” in order to distinguish their vacuoles 
from such transient vacuolar appearances as occur, for example, in a 
pus corpuscle, or a white blood corpuscle, during its amccboid move- 
ments. ‘These are described as a variety of the endogenous mode of cell 
formation. It is scarcely necessary to illustrate this point at greater 
length. 


The only other probable view is that vacuolation is a form of ne- 
crobiosis of the cells in which it occurs, and as regards the vacuolated 
liver cells, which presumably contained at one time fat in their vacuoles, 
such an opinion would no doubt occur to those who think, without dis- 
crimination, that the mere presence of a fat globule in a liver cell is an 
evidence of its decay. It may be an evidence of its decay as a liver 
cell, but it is no evidence that it has lost any of that plastic force or 
power of transformation which is inherent in it as an element of the 
body. 


It seems certain, however, from appearances observed in the cases 
forming the subject of this research, that a certain proportion of vacuo- 
lated liver cells do vanish entirely, leaving no product, which fact has 
been adverted to above, when it was said that the products of vacuo- 
Jation in some cases aborted. But in the great majority of vacuolated 
cells, the one conspicuous and important thing is the deeply-stained and 
therefore vigorous mass of protoplasm that survives the vacuolation in 
one form or another, Even in those vacuolated cells in which the form 
and substance of the original cell have all but disappeared, the small 
round cells appear as bright coloured masses within the. still obvious 
outline of the vacuole. This frequent and characteristic appearance 
suggests nothing so much as that the highly coloured and active young 
cell had sprung, as it were, from the ashes of the old one.* So long as 
such products result from the vacuolation, that process cannot be called 
one of necrobiosis. 


Before leaving the subject of vacuolation regarded as the process 


of endogenous cell formation, the giant cells that occurred in cases 3, 





* The appearances figured and described by AxelKey and Wallis (Virchow’s 
Archiv., Vol. 55,) as occurring in the corneal corpuscules after inflammation, set up 
by pencilling with lunar caustic, are very similar to those here referred to, although 
a different interpretation is put Epon them. 
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and 6 may be again referred to. Although the phenomenon of giant 
cells is sometimes attributed to a tardy or sluggish division of the pro- 
toplasm in the ordinary hyperplastic mode of cell growth, viz., by 
division, yet in the present case it was obvious both from the circum- 
stances in which they were found, and from the presenee of one or more 
vacuoles in them, that they were a product of endogenous cell 
formation. 


The endogenous mode of cell growth is contrasted with the usual 
mode of cell-formation by division, and is frequently exemplified in the 
vegetable kingdom. If cell-formation by division is the hyperplastic 
process, wherein the new cell is merely a repetition of the old, the en- 
dogenous mode of cell-formation is the metaplastic process, in which the 
product departs from the type of the parent cell and acquires differential 
characters of its own.* 


In the above cases, the results of the vacuolation process are found to 
correspond with the results to be looked for where the endogenous mode 
of cell-growth is resorted to. In one case the resulting cells became 
large spindle cells, in another case they became giant cells, in another 
columnar epithelium, the mature product in each case being different in 
type from the cell that produced it. The law of the continuity of the 
tissues, which would have been observed in the purely hyperplastic mode 
of cell formation, is, so to speak, abrogated by introducing the factor of 
endogenous cell growth; so that liver cells become the parents of sar- 
comatous cells or epithelial cells indifferently, and the epithelial cells, 
though belonging to the same group as the liver cells, are no more the 
hyperplastic products of the latter than are the spindle cells. 


To summarise the preceding statements, it may be said that secondary 
tumours in the liver originate in certain changes that go on in the liver 
cells simultaneously at various points, and that the efficient cause of 
their formation is the substitution of the endogenous or heteroplastic 
mode of cell-growth, whereby an alien product takes origin, for the 
normal plastic activity of the liver cells, whereby the organ is either 
maintained at a certain point or at the most undergoes a simple hyper- 
plasia. As the ground in which tumours of very various characters 
may develop, the parenchyma of the liver may be regarded as a sort of 
indifferent matrix whose products owe their form, not to any influence 
that can be imparted to the liver cells as such, but to an extraneous 
influence. The mechanism, again, in nature by which this result is 
brought about, and by which this extraneous influence operates is the 
process of endogenous cell-formation. 


The extraneous influence is, however, an assumption, and it now 7 falls 
to be considered what reason there is for assuming the existence of such 
an influence. 


It has been already stated that the tumours in the liver had gene- 
rally a remarkable resemblance, even in minute particulars,f to the 
tumours in other parts of the body, which have hitherto been spoken of 
as primary. These primary tumours differ from the secondary in the 
important respect that their elements resemble or at least are histo- 
genetically the equivalents of the cells proper to the situation in which 
they grow. Thus, the sarcomatous tumours (2, 3, and 6,) originated in 
connective tissue structures, while the epithelial tumours (1, 7, and 8,) 





* * Virchow, Cellular Pathologie, p. 491. 
t+ The mode of development “of the characteristic stroma in the various tumours 
has been omitted for the present. 
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originated in mucous membrane. ‘There is here, then, a fundamental  Arp.No.4 
difference between the primary and the secondary tumour, and there 1s nO on the Atiology 
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From a secondary nodule in the liver, in case 7 (cancer of the rectum). Same magnifying power. 


then, that the tumours in the two situations are not two coexistent 
srowths having their origin in a common cause, and that the one is 
* secondary to” or dependent. on the other, the relation of parent and 
offspring must be admitted at the same time. The resemblance between 
the primary and secondary tumours is comparable to no other relation in 
nature than that of parent and offspring. ‘The extraneous influence, 
therefore, which ig necessary to explain the origin of the secondary 
tumours, is to be compared to a spermatic influence produced in some 
unknown manner by the parent tumour. But there is also a histological 
reason in support of this analogy. 

It is not altogether fanciful to trace a similarity between the changes Vacuolation of 
that the ovum undergoes after fertilization and the changes in a cell, ¢?ls.compared 16 
such as a liver cell, undergoing vacuolation ; and such a comparison inthe ovum after 
would probably appear less fanciful if the first changes produced by Sa 
impregnation of the ovum were better understood. It is generally 
agreed, among much that is doubtful, that in the ovum, after fertiliza- 
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tion, the nucleus disappears,—whether a complete disappearance or @ 
change to a position where it cannot be traced, is uncertain,—and that in 
the place of it there appears a vacuole or cavity (nucleus cavity). These 
changes, whatever they may signify, are the direct and earliest effects 
of fertilization. Now the process of vacuolation may be described in 
similar terms: the nucleus, as such, disappears, and a cavity, which 
may, however, be very much larger than the nucleus, appears in its 
place. There is to be added also, as regards vacuolation, that what was 
the nucleus, or at least the substance of it, reappears either at one pole 
of the cell or as a round mass lying free in the cavity. Although the 
parallel cannot be continued far, there is similarity enough in the 
manner of transformation in both eases to make it probable that the 
cause is similar. ‘Thus we have additional evidence that the extraneous 
influence in the production of secondary tumours is comparable to a 
spermatic influence. 

The process of vacuolation that has been described above as con- 
cerned in the formation of tumour cells, occurs in other pathological 
conditions, and there are good reasons for considering an important 
class of cell changes in the normal organism to be a process of the same 
nature. Setting aside the occurrence of the characteristic vacuolated 
cell among the products of inflammation of the synovial membranes of 
joints, and of other serous membranes, we shall limit our attention to 
the occurrence of the vacuolation process in the epithelium of mucous 
membranes. Vacuolated cells were described by ‘Remak as occurring 
among the products of catarrh of the respiratory mucous membrane, 
and this observation has been made familiar by subsequent descriptions. 
In this case there is no doubt of the nature of the phenomenon, but 
other instances that are about to be adduced as exemplifying the same 
process are not equally admitted. Many of the ceils found in colostrum 
have a greater or less resemblance to the forms of vacuolated cells 
described above. ‘Thus Langer describes cells containing a vesicle 
filled by a fat globule and having a crescentie mass of ‘protoplasm 
disposed on one side.* The epithelial cells of the testis employed in the 
formation of spermatozoa frequently exhibit the characteristic appear- 
ances of vacuolation, and La Valette describes as occurring in 
the seminal fluid shapeless masses of protoplasm, which he identifies 
with the corresponding masses found in colostrum. ‘They are said by 
nim to be probably “ unverbrauchte Protoplasmareste,” as it were, waste 
products of the epithelium produced along with the spermatozoa. 
Again, the salivary and mucous corpuscles are cellular bodies formed 
from the epithelium along with the proper secretion, and whether 
they oecur only in a catarrhel state of the gland or in the normal 
condition is unessential to the present argument. ‘The peculiar cup- 
shaped appearance of many goblet cells, depending on a crescentic mass 
of protoplasm at.their attached border, and prolongation of the same on 
each side of the cell, has a real resemblance to a vacuolated cell. The 

crescentic mass and the lateral prolongations of it are distinguished by 
their property of deep staining in exactly the same way as the peripheral 
mass in a vacuolated cell. 

It is contended that in the above instances there is a resemblance, as 
regards the forra of the cells, to the product of vacuolation previously 
described, and the following considerations are brought forward in 
proof of an identity in the mode of their production. 

In the production of secretion from mucous surfaces (that is to say, 


Carte: 








* ‘Bierichents Handbook, p. 6382. 
{ Stricker’s Handbook, Art. The Testicle. 
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in all cases except the parenchymatous organs, the liver and kidney), 
the secretion is formed if not entirely at least in a great measure at the 
expense of the individual epithelial cells. ‘This is most obvious in the 
case of the mammary and sebaceous glances, but although it has not 
been clearly proved for all other cases, there is no doubt that it is the 
general law for the epithelium of surfaces. This law is expressed in 
the following ening in MM. Cornil and Ranvier’s Manual of Patholo- 
gical Histology :* 

** This evolution is the leading physiological fact of all epithelium : all 
their elements are transitory, being born, coming to maturity, and 
dying within a variable space of fimae'). sisi bAS a well-proved 
fact that, in glands, the epithelial cells are shed to give exit to the 
excreted substances, and that their own contents are an essential part 
of the secretion. . . . Glandular epithelium, of which the cells 
may be of the pavement variety, or cylindrical, pyramidal, &G,,, isthe 
subject of a constant evolution. ‘Thus it is that in the glands ‘of the 
stomach one sees the cells that are at first cylindrical becoming 
spherical from distending themselves with juice, falling into the 
lumen of the gland, aud getting destroyed in the act of giving up 
their contents. So the cells of colostrum are no other than the cells 
“ of the mammary acini, and although in the milk they-are no longer to 
“ be found, it is because the cells are destroyed in setting free the fat 
** which they contain.” 

Now the occasional occurrence of protoplasmic masses in association 
with the fluid products of secreting cells has an important significance in 
respect of the essential nature of the secretory process. We are, in 
fact, entitled to argue that there is potentially present in every secreting 
cell, both a fluid or vesicular and «# cellular product, and that there is a 
co-relation between those two. Where the substance of the epithelial 
cell is most completely devoted to the formation of the secretion, the 
solid product is reduced to a minimum, and in those cases where the 
solid product of the secretory cell, so to speak, asserts itself, the 
secretion loses accordingly. The best example of this is the colostrum 
or half-formed secretion of the mammary gland, where the mammary 
epithelium, instead of being entirely transformed into milk drops, 
undergoes only a partial transformation, leaving a certain amount of 
the protoplasm as an accessory product. ‘The catarrhal cells of the 
bronchi are probably to be explained on the same principle. Sa- 
livary and mucous corpuscles, if indeed they also are not due to a 
eatarrhal condition of the mucous surface, are to be regarded as in- 
stances where the cellular elements in the secretion have no patholo- 
gical import. The crescentic masses that form the base of goblet 
cells, and the protoplasmic bodies found in the seminal secretion are of 
sufficiently common occurrence to be regarded as normal. ‘The sper- 
matozoa themselves, as well as the ova, may be adduced as instances 
of solid products formed in the vacuoles of epithelial cells, and if this 
interpretation of the seminal and ovarian secretions be correct, we are 
here furnished with an instance where, in the secretion of epithelial 
cells, the solid product becomes the essential, and the fluid the 
ACCESSOLY- 

The conclusion, then, that we arrive at from the above considera- 
tions is, that the process of secretion in the epithelial cells of mucous 
surfaces is essentially a process of endogenous cell-formation. 

The account usually given of the production of secretion in the 
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* Manuel d’Histologie Pathologique, p. 29. 
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epithelial cells is merely pictorial ; a passage already quoted will serve 
as an example: 

‘“¢ C’est ainsi que dans les glandes de l’estomac on voit des cellules 
“ primitivement cylindriques devenir sphériques en se gorgeant de 
“ sues, tomber dans la lumiére de la glande et se détruire en laissant 
“¢ échapper leur contenu.” 

As so expressed, the life of the secreting cell is nothing else than a 
chapter of accidents, a succession of events apparently arbitrary in their 
occurrence. If, however, the law of endogenous cell-formation be applied 
to this particular form of cellular activity, the various changes in the cell 
find a rational explanation. The most valid objection to such an explana- 
tion will be found to be directed against the terms employed. It is 
true that in most of the cases that are here referred to the so-called 
process of endogenous cell-formation, no cells are formed ; but that is 
a paradox which depends on the name having been adapted to only a 
part of a more widely-spread phenomenon. It may be instructive again 
to contrast the endogenous mode of cell formation with the mode by divi- 
sion. What distinguishes the former, is the collateral production of a 
vesicle or vacuole containing a fluid, the result of a transformation of 
the cell protoplasm. In the latter form of cellular activity, the cell 
divides into several pieces, each of which becomes exactly like the 
original cell. One might say that in the endogenous mode there is a 
provision for a fluid product, and it is according to many analogies in 
nature of the adaptation of a general plan to particular ends, that such 
provision may be magnified into the essential feature of the process. 

In searching for a confirmation of the above hypothesis as to the 
essential nature of the process in secreting epethelium, the writer has found 
that a similar view was entertained by a zoologist, Friedrich Will, who 
is quoted by Professor Virchow in 1851. In making an investigation of 
the seminal secretion throughout the animal kingdom, Will arrived at 
the conclusion (as stated by Virchow) that “all secretions proper are the 


“ result of a process of cell formation, and, indeed, of endogenous cell 


“ formation (durch Zellenbildung, und zwar durch endogene Zellenbil- 
“ dung vermittelt).” NVirchow adds, “ It is to be hoped that the propo- 
sition, thus broadly stated, is to be understood as applying only to 
invertebrate animals; but it seems, at least, to indicate the wide 
distribution of a phenomenon that has, perhaps, a greater significance 
‘‘ in physiology, and which may lead us, in course of time, to regard 
“‘ the process of secretion from a higher and more general point of 
“ view.”* The theory of Wiil has not passed into the text-books of 
physiology, and appears, indeed, to have been lost sight of. 

The hypothesis that the secretory function of mucous membranes is 
performed by means of a process in the epithelial cells identical with 
the process that is known, under other circumstances, as endogenous 
cell-formation, has a very great significance as regards the malignant 
tumours of epithelial parts. What this significance is may be illustrated 
in the case of the mammary gland. 

The colostrum corpuscles that are found in the milk at the commence- 
ment of the secretion, and which are observed more perfectly in the 
acini of glands that have lately ceased to secrete, may be taken as a 
starting point. ‘They are the epithelial cells that have been shed in a 
half-transformed state. Their activity is still the functional activity, as 
contra-distinguished from the plastic; but, owing, no doubt, to an im- 
mature or subsiding functional stimulus, their transformation into the 
fluid of the secretion is incomplete. The fluid contained in their 
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vacuoles is all that can be called secretion in the proper sense of the 
term, and from tbe same point of view the associated mass of protoplasm 
has a purely negative importance, and is to be viewed as so much waste. 
But if the epithelial cell is regarded, not as performing a function, but 
as obeying the law of endogenous cell-formation, it is obvious that the 
fluid in the vacuole and the solid mass on one side of it are co-ordinate 
products, each of which is more or less important according to its degree 
of predominance over the other. Under this correlation, the vacuola- 
tion may be extreme and the cellular part insignificant, or vice versd, 
according to circumstances ; and among colostrum cells many gradations 
are in fact observed. If we consider the complete transformation of the 
epithelial cell into a fluid substance, as in the normal secretion of milk, 
to be the case where the vacuolation reaches its extreme limit, we may 
also conceive of the other extreme in which the solid or cellular element 
preponderates ; and the latter, though in the particular circumstances 
not a useful product, may be spoken of as also a product of the secre- 
tory process. Now when one calls to mind the special characteristic of 
cells produced endogenously, the bearing of these points on the question 
of malignancy will become apparent. It is the characteristic of the 
products of endogenous cell-formation that they assume a type different 
from that of their parent cell. As it has been already expressed, the 
mode of cell-formation by division is the plastic or hyperplastic process, 
while the endogenous mode is metaplastic. Metaplastic, again, is in 
pathological language equivalent to heteroplastic. In this manner, then, 
in the exercise of the glandular function, and by virtue of the law 
according to which the function is performed, there would be produced, 
on occasion, from the epithelium of the gland, elements that were not 
themselves true epithelium, and that were in fact heteroplastic. 

Now, continuing the illustration of the mammary gland, there is abun- 
dant reason to suppose that in cancer of the breast the epithelium is the 
pot of departure for the new growth. This view is held by many 
pathologists, notably by Professor Waldeyer, who describes cancerous 
tumours of the breast (and of other epithelial situations) as a growth of 
atypical epithelium. But it is precisely the atypical element in the new 
growth that remains unexplained. There is nothing in the explanation 
of the histogenesis of the growth given by Professor Waldeyer to show 
wherein it differs from a mere hyperplasia. Other pathologists, again, 
such as Professor Virchow, have been led, in the absence of such an 
explanation, to assign the origin of the epithelial-like cells of the tumour 
to an “epithelial infection”* of the connective tissue, rejecting, as it 
were, the strong evidence of epithelial origin for the sake of being able 
to account for the heteroplasia of the growth. Thus, Virchow, after 
stating the epithelial theory, and the explanation of the apparent excep- 
tions to it, adds significantly, “Ich meinerseits bin durch diese Ausfiihr 
ungen nicht uberzeugt; ich halte an der primiéren Heteroplasie aller 
Krebse fest.” Now, if it can be shown that the cellular product of 
secreting epithelium is no longer epithelium, but a heteroplastic product, 
and that by virtue of the law of endogenous cell-formation, according to 
which the function is performed, such an objection as is here stated is no 
longer tenable. 

The mammary gland has been taken as an illustration, and it is 
obvious that the sebaceous glands, and the rete mucosum in general 





* The expression is used by Klebs. The theory has been most explicitly stated by 
Virchow and W. Miiller. 
t Cell. Path. 4th Edition, p. 469-70, 
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together with the epithelium of the digestive and genito-urinary tracts, 
are subject to the same process of reasoning. ‘The attempt would there- 
fore be made to associate the origin of primary tumours of those parts 
with irregularity in the performance of the function of the part, and to 
explain the malignancy of tumours so arising. 

With this view an investigation was made of a series of mammary 
tumours. They were 21 in number, 8 of them from the human subject, . 
11 from the dog, and 2 from the cat. It became apparent, however, in the 
course of the investigation, that there was another factor, special to the 
mammary gland, which played a part in the formation of new growths, 
viz., the periodical evolution and involution: of the gland. The infor- 
mation hitherto acquired as to those remarkable changes occurring nor- 
mally in the mamma, proved unfortunately to be very scanty, and it 
became necessary to make an original investigation of the subject. 
This collateral inquiry is not yet (March 1874) far advanced, and a 
report on the cases of mammary tumours is therefore postponed. | 
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Anyone who would proceed to an extensive chemical investigation of Material 
the brain finds it impossible under ordinary circumstances to procure, in *!ected. 
the perfectly fresh state, and with the perfect freedom from disease which 
are indispensable, such a supply of material from the human subject as 
will even approximately suffice for his purpose. Therefore, as material 
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for the present very large inquiry, ox brains® have in most part been 
preferred ; and of these more than a thousand have been used. Five 
brains weigh on an average 1,780 grms., or eight weigh six pounds. 
They are washed once and freed from clotted blood. They are next 
carefully skinned, the arachnoid and pia mater being removed by means 
of fine anatomical forceps. When the brains are entire they may be skinned 
in the ordinary anatomical manner, which employs two pairs of forceps, 
worked simultaneously and antagonistically by both hands of the operator. 
When, however, the brains are much broken up, each piece must be held 
in one hand while being freed from membranes with the other. ‘The 
skinned parts are again rinsed in water, and then placed in water for a 
short time; next placed upon a sieve to drain, and then submerged in 
methylated alcohol of 85 °/, by weight in volume strength, previously 
purified by distillation over tartaric acid. Great care is necessary to 
supply a sufficient amount of alcohol, so that the brains may be quickly 
dehydrated and hardened. For if the alcohol is too dilute, or becomes 
too dilute by being insufficient in quantity, the brains remain soft and 
unworkable, and decompose with a fetid odour. For the same reason 
all brains, before submersion in alcohol, must be broken up, or sliced 
into small pieces, so that they can be eusily penetrated by the alcohol. 
This is required even when strong alcohol is used, as this is liable to 
harden the outer shell merely, and leave the inside of the brain to soften 
and decompose. 

The washing and submersion in water probably remove small quan- 
tities of extractives and soluble salts, besides the blood, and must there- 
fore be carried out with care. The solutions so obtained are thrown 
away, but the alcoholic solutions in which the brains have been hardened 
are purified from albumen by boiling and filtration, freed from spirit by 
distillation, and evaporated to the consistence of extracts on the water 
bath. They are to be considered as water-extracts, and are mostly free 
from specific brain substances, and only yield extractives and salts and 
other matters, which will be described in the relative chapters. 

When the brains are well hardened in the alcohol, which frequently 
requires the repeated removal of the watery spirit and substitution of 
fresh strong spirit, they are passed through a rotary mincing machine, 
and the minced portions are again mixed up with strong alcohol. ‘This 
pulp is now worked through a very fine hair sieve, having 144 meshes 
to the square inch, and each of the twelve strands of hair crossing 
the square inch in one direction, being composed of eight single 
horse hairs; the sieve stands upon a _glass-receiver, a so-called 
fern glass, in such a manner that it cannot move, and no matter which 
passes the sieve can be lost. The trituration on the sieve is effected 
by a strong circular furniture brush, which is incessantly rotated over 
the sieve by the hands of a workman. When pean through the sieve 





* ‘The ox brains as obtained from the butcher are vaneseliie much suffused with 
blood. ‘This arises from the mode in which the animals are slaughtered ; a blow is 
inflicted upon the frontal region with the pole-axe, whereby a piece of skull is 
punched in and pressed into the brain. Immediate unconsciousness and paralysis is 
the result. In addition to this the slaughterer destroys the spinal reflex-centres by 
introducing a cane through the hole in the skull into the spinal canal and destroying 
the marrow by stirring it about. The skull is afterwards cloven, and the brain 
taken out in two halves. Where animals are killed by the Jewish method of cutting 
a gash across the throat and bleeding the animal to death, the brain may be removed 
uninjured, and may even be washed in situ by injecting water through the carotids. 
But this proceeding is laborious, and offers no advantages as regards the chemical. 
examination of the brain. Yor investigations of the spinal marrow, however, animals 
so killed are alone suitable, as by the pole- axe and cane method the spinal marrow 
is almost entirely destroyed. 
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recommended are less useful than the foregoing ; they are either ineffi- Bad modes of 
cient or slow and laborious ; in particular trituration in a mortar with Commnuton. 
a pestle is very inefficient. - All methods of comminution which do 

not reduce the brain to the finest possible pulp, or smooth paste, must 

be rejected, as from imperfectly comminuted brains the immediate 

principles are necessarily most imperfectly extracted. 

The smooth paste of brain matter is now mixed with a considerable Extraction with 
amount of alcohol of 85 °/,, and heated in a well-tinned large saucepan Y™™ “one! 
over a gas lamp by a star-burner or any other heat source, while being 
stirred with a wooden rod without intermission. When it has reached 
the temperature of 45° the mixture is removed, and immediately poured 
on a filtering cloth stretched and tied over the top of a large earthen- 
ware jar or pan. The filter is covered with a wooden cover. When Vessels uscd. 
the liquid has percolated, the pulp is removed from the cloth with a 
flat spoon, and again placed in the saucepan, mixed with spirit, heated 
to 45° while being stirred, and again placed upon the same filter as 
before. This operation is repeated in all about five times, when the 
brain matter is exhausted of all matters which alcohol will dissolve. 

The matter is now tied up in the cloth and pressed in a screw press. 

lt comes out as a solid, somewhat elastic cake of albuminous or insolu- Imsoluble albu- 
ble residue, of which the analysis and description will be given in a ™Mous residue. 
future chapter. I have always arrested the heating at 45°, because it Degree of heat 
has been so frequently stated that when brain matters are heated be- employed. 
yond they decompose. But since J know the behaviour of the isolated 

brain matters, I have great doubts about the correctness of this state- 

ment, and should in a given case think it quite safe to boil the mixture. 

But the low heat is certainly efficient and convenient, and need not 3 
therefore be overstepped. For the same reason a saucepan of cast-iron abla: a 
of about three gallons capacity is preferable to any other vessel of tin or Mcp haere 
glass. The earthenware jars or pans should be of a capacity of from 

12 to 15 gallons. Ihave found them most useful, and carried on all 

operations from the soaking and hardening to the last filtration of the 

buttery precipitate with their aid. ; 

The alcoholic extracts are all united, and allowed to cool during from Treatment of 
12 to 24 hours. In hot weather the cooling must be assisted by pladinay *ccbolic extract. 
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the jars into a tub and surrounding it with cold water and ice. ‘Two 
such tubs are conveniently produced by cutting a port wine pipe into 
two equal halves. The extracts during cooling “deposit a large amount of 
white crystalline and granular precipitate, which adheres to the 
sides and covers the bottom of the vessel, while the alcohol is per- 
fectly clear, though coloured slightly yellow. The whole is filtered 
through a cloth stretched over a pan, and when the entire pre- 
cipitate is collected on the cloth, and has been condensed by stirring 
with a spoon, the cloth is removed, tied up, and placed into the screw- 
press, and all mother-liquor thus removed. When taken out of the 
cloth the precipitate presents itself as a hard white cake, which can be 
broken into pieces, and constitutes the particular white matter of Vau- 
quelin, and will in the following always be signalised as white matter. 
When the abreviations w. m. occur in the description of any prepara- 
tion, they indicate that the preparation has been extracted from this 
white matter. I shall not describe this white matter any further, nor 
have I instituted any experiments upon it such as Vauquelin made, 
because it is evidently a very complicated mixture, containing nearly 
the whole of the substances to be described as the cerebrines, stearo- 
conotes, cholesterines, kephalines, myelines, and  lecithines, and 
small quantities of other matters. ‘The processes by which these 
substances may be extracted will be given lower down, after the 
description of the treatment of the alcoholic extract has been 
completed. Here it may yet be stated that the white matter can be 
preserved in stoppered bottles in a cool place and protected from light 
almost unchanged for a very long time. In contact with absolute 
alcohol it also remains unchanged, though gradually yielding a yellow 
extract ;.but in contact with ether it yields kephaline to the latter, 
which is quickly oxydised into a red substance having a green fluores- 
cence; this effect seems due to the peroxyde of hydrogen produced 
during the oxydation of the ether. J have therefore limited the use 
of ether to the most necessary operations, and then cause the substances 
to pass through these with great despatch, so that this oxydising effect 
of the ether is as far as possible avoided. 


The Alcoholic Filtrate from the White Matter is now placed in a 
capacious tinned copper still, and a-great part of the alcohol is dis- 
tilled off. When a certain degree of concentration has been obtained, 
which is determined by experience, the hot liquid is thrown into a pan, 
and again allowed to cool, assisted if necessary with cold water or ice. 
It now deposits a second quantity of matter, which is less solid and 
more coloured than the first and after filtration remains on the cloth as 
a semi-solid plastic substance, to which I have given the name of the 
buttery matter. ‘This can only be freed from mother liquor by mani- 
pulation with a spoon, and must not be pressed too hard, as it is liable 
to pass through the meshes of the cloth. ‘The buttery matter consists 
of much cholesterine, lecithine, little myeline, kephaloidine, and some 
cerebrine, and small quantities of other matters ; the substances are 
therefore qualitatively mainly the same as in the white matter, but they 


are present in entirely different proportions. ‘The buttery matter also 


Alcoholic filtrate 
from buttery. 


keeps well in a bottle by itself, or in the presence of alcohol, but 
should also not be kept long in ether. 

The Alcoholic Filtrate from the Buttery is again distilled so long as 
good spirit passes over and no precipitate ensues in the fluid. When 
these conditions are exhausted it is placed in a large dish on a water 
bath and evaporated. At a certain period oily “drops make their 
appearance, which adhere to the sides or float in the fluid, and unite to 
larger round globular masses. ‘They separate easily while the fluid is 
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hot, but when the fluid cools they swell, become flaky and distributed 
in the fluid and cannot be filtered. They are best separated while hot 
by a separating funnel, to which they adhere, while the fluid sinks 
down ; or they may be collected ona paper filter on a hot funnel. This 
matter has received in my laboratory the title of the LAst orLy, by which 
it will be signalised in this essay. It consists mainly of phosphorised 
bodies with little cholesterine, and some peculiar not yet accurately 
defined matters, amongst them oleate and margarate of ethyle. 

The Filtrate from last Oily constitutes the ultimate mother liquor 
and contains all matters from the brain which are highly soluble in 
water, such as the salts, the extractives, and soluble immediate prin- 
ciples to be described. ‘This liquid is evaporated on the water bath to 
the consistence of a thin extractive and placed in bottles until further 
examined as will be described. While the preparation accumulates it is 
well to keep the extract covered with some absolute alcohol to prevent 
the formation of mould on its surface. 

Treatment of the White Matter.—The white matter is now to be 
extracted with cold absolute alcohol. The alcohol must be cold to leave 
as much as possible of the cerebrine, cholesterine, kephaline, and 
myeline undissolved, and to dissolve all the lecithine; and it 
must be absolute so that the cerebrine and kephaline may not become 
hydrated in any way, but rather more dry under the influence of the 
alcohol. ‘The best mode of mixing the alcohol and white matter inti- 
mately is by the hands in a wide earthenware pan. While the work- 
man is kneading this mixture no light or fire is permitted in the 
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laboratory. The extraction is so regulated that the same alcohol is — 


used to extract several portions of white matter in succession, so that 
most of the alcohol employed comes away nearly saturated with what it 
can dissolve. As the extraction proceeds the white matter becomes 
plastic and yields but little to alcohol, and then the extraction is 
interrupted, the residue thrown on a cloth, drained and dried. 

Treatment of the Alcoholic Solution—The alcoholic solution is first 
exposed to frost, when mostly a white deposit of myeline is observed, 
which may be filtered off on a funnel surrounded with freezing mixture. 
The alcoholic filtrate is then reduced in bulk by distillation, and again 
exposed to frost, and this treatment is repeated. In this manner several 
deposits are obtained, which become more and more fluid and oily, until 
at last the solution is a thick oil, which when exposed to the air dries 
out to a plastic waxy mass of a neutral ether mixed with much choles- 
terine and little kephaline and myeline, and lecithine. 

From the successive deposits some myeline may now and then be 
obtained in a crystalline form, by resolution in alcohol, refreezing, 
washing with ether, but by solvents alone the bulks of these matters 
cannot be separated. It is therefore best to treat the alcoholic solution 
as follows :— : 

Platinum Chloride Treatment of the Alcoholic Solution.—'To the 
alcoholic solution freshly prepared pure absolute alcoholic solution of 
platinic chloride is added as long as a precipitate is thereby produced. 
The voluminous yellow precipitate is thrown upon a filter, washed with 
‘ absolute alcohol, removed from the filter into a bottle, and shaken 
with absolute alcohol, again placed on a filter, drained upon a cloth and 
without being allowed to become dry or waxy treated as follows :— 

Treatment of the Platinie Chloride Precipitate—It is placed in a 
large stoppered bottle, mixed with a large volume of ether, and shaken 
from time to time during several hours, until there are no lumps perceived 
in the bottom of the bottle, and the contents consist of a fine yellow 
powder and an orange-coloured solution only. ‘Then powder and solu- 
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tion are separated by filtration. The salt on the filter has to be 
repeatedly removed from the filter, to be shaken with ether in a bottle, 
and to be refiltered until pure ; washing on the filter alone is almost im-— 
practicable. The insoluble salt constitutes myeline platinic chloride, 
with its modifications to be described lower down. It easily dries in 
air to a yellow somewhat waxy mass, which is easily powdered. ‘The 
ether solutions and washings are united, concentrated to a small bulk 
by distillation from the water bath, and then precipitated by the addition 
of much absolute alcohol. The precipitate is washed on the filter, also 
by shaking in a bottle with alcohol, again filtered, drained on blotting 
paper, and placed on porcelain or glass dishes, in a vacuum over ‘sul- 
phuric acid to dry. This soluble in ether salt constitutes probably 
lecithin platinie chloride with its modifications to be described lower 
down. It contains, however, some kephaline, from which it has to be 
freed by a special process to be deseribed under the chapter which treats 
of the purification of this precipitate. 


Alcoholic Filtrates from the Platinie Chloride Precipitates—These 
are coloured yellow, and on standing deposit cholesterine in crystals, and 
a trifling quantity of platinic compounds. They are filtered, concentrated 
and treated with hydrothion and water. The water removes chlorides, 
which may be investigated as regards the bases. The platinic sulphide 
mostly retains organic matter, which must be extracted by alcohol and 
ether, applied cold and boiling. Besides residues of the principal 
matters already extracted they contain peculiar neutral bodies in small 
quantities, which are not fats commonly known, perhaps oleate and mar- 
garate of ethyle, and require a more elaborate study hereafter. Neutral 
fats so called, trimargarine, tristearine, tripalmitine, trioleine, if at all 
present in brain substance, are SO in extremely small, hardly appreciable 
quantities. 


Treatment of the White Matter from which Lecithine and some Myeline 
has been extracted by cold absolute Alcohol. dt ha 


This matter is to be extracted with ether. For this purpose it must 
again be kneaded in a pan, this time with ether, by the hands of work- 
men. All shaking in bottles, itrituration in mortars, is perfectly futile. 
With operations in ether the presence of light or fire in the laboratory 
is still more to be avoided than with operations in alcohol. ‘The extrac- 
tion with ether causes the previously plastic white matter to assume a 
grumous pulverulent consistency, and to yield a matter to the ether, 
which quickly becomes red. 


Kephaline.—The filtration of the solution from the fine white insolu- 
ble matter is one of the greatest difficulties of the whole series of opera- 
tions. I find the following process the most effectual. The mixture is 
thrown on a cloth in a funnel stirrounded with freezing mixture, and as 
much liquid is allewed to percolate as may. When the cloth is full and 
ceases to filter it is tied up, and with the pasty mass placed under 4 
screw press. The white milky matter now squirts in all directions, 


unless the press is worked very slowly, and a constant current of pure 


ether is directed upon the outside of ‘the cloth. In this manner, with 
much labour, requiring the constant attention of three operators, the 
matters are at last s separated into a hard residue of cerebrines and. mye- 
dines, and into a solution containing all cholesterine, all kephaline, and 
some myeline. 


Treatment of the solid Residue for the Separation of the Cerebrines 
from Myeline—These residues when dry are intermediate between wax — 
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to be extracted with hot ether, in which the two former are quite Constitution of 
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The extraction has to be continued until the residual matter p, tudichun. 


insoluble. 
of cerebrine, &c., is free from phosphorus. This requires large =a 
2 ? I J ok at “SO” Extraction of 


quantities of ether, as it quickly evaporates during filtration on a funnel inyeline by hot 
surrounded by warm water. The receiving bottle stands in a pail sur- ¢her. 
rounded with ice, so that the hot ether is immediately cooled. It 
immediately deposits the myeline as a white powder, which is after- 

wards separated by filtration on the funnel surrounded with freezing 
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mixture. When the funnel is not surrounded with freezing mixture. 
much myeline re-dissolves in the warmer ether. This portion is only Distillation of 
myeline solution: 


obtained by distillation of the ether, and is not so pure as the portion 
deposited from the ether on cooling, The myeline is purified further as 
will be described under the chapter relating to it, and the cerebrines are 
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separated from stearoconote and from each other, and from any remaining 
myeline as will be described under the headings relating to them. ‘The 
myeline may also be extracted with cold pure benzole, in which the 
nitrogenised bodies are quite insoluble. 


Treatment of the Ether Solution containing Kephaline and Chole- 
sterine, separated by Filtration from the Cerebrine, &c.—This solution is 
colored red and fluoresces green. It is concentrated by distillation from 
the water bath, placed in stoppered bottles, and exposed to frost in an ice 
and salt mixture. If concentrated it becomes solid with crystals of 
cholesterine and granules of myeline ; in this case it must be thawed 
until pulpy, filtered on the funnel surrounded with ice, and the filtrate 
again frozen. In any case the solution must be frozen and filtered cold 
until it remains quite clear, even in the sharpest freezing mixture. In 
that case most of the kephaline remains in solution, and retains only 
little cholesterine and very little myeline. ‘The cholesterine which 
crystallises out, contains myeline and little kephaline, from both of 
which it may be separated as will be deseribed under the chapter 
relating to the purification of cholesterine. The ether solution contain- 
ing the kephaline is now mixed with twice its bulk, or as much as may 
be required to effect complete precipitation, of absolute alcohol; a 
volumincus, whitish, flaky, adhesive precipitate ensues, which becomes 
darker as it condenses; this is crude kephaline. ‘The mother liquor 
when clear after some standing, is decanted, the kephaline is rinsed 
with alcohol, collected, manipulated with a glass rod or spatula so as to 
remove alcohol enclosed in its meshes, spread on a glass dish and dried 
in vacuo, to be purified as will be described under the chapter relating 
to kephaline. ‘The ether alcohol mother liquor is treated with an 
alcoholic solution of cadmic chloride, whereby a mixture of compounds 
of kephaline and myeline with this salt falls down, which is collected, 
washed, and further purified, decomposed and identified as will be de- 
scribed. The mother liquor from these cadmium salts is distilled to 
dryness, treated with water for the removal of cadmic chloride, and 
the insoluble part is again boiled with small quantities of alcohol, 
when cholesterine is obtained in crystals, and a quantity of neutral 
matter, part of which is oily, part solid; both will be described in a 
separate chapter. . 


Another Process for separating White Matter into its Constituents.— 
In mary of my earlier investigations 1 used the following process which 
for the purpose of abbreviation { will term “ ether process, W.M.” This 
yields the cerebrines very quickly and directly, and leaves little myeline 
with the cerebrines. It also yields kephaline, but in lesser quantity 
as much remains in the mother liquors. But the myeline, lecithine, 
and cholesterine remain in the ultimate mother liquor, and can be sepa- 
rated only by cadmic or platinic chloride. The precipitates obtained 
are more complicated than in the first process. But under given con- 
ditions the process possesses advantages and is therefore at all events 
here described as an alternative second in value. 


The white matter is fully extracted with ether in stoppered bottles, 
with the precaution of using the same ether for several portions of 
white matter so as to obtain saturated solutions. All secondary solu- 
tions and washings are concentrated by the still. The whole of the 
solutions are now exposed in bottles (stoppered) to a strong freezing 
mixture of ice and salt, and the clear coloured ether is quickly siphoned 
off the dense white deposit. All siphons are of glass tube, with movable 
caoutchoue joints, and mounted in corks, so that they can be applied to 
the bottle to be emptied on one side and to the bottle to be filled on the 
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other side, air tight, and be started either by blowing (with the air app. No.5. 


bellows) or by suction at the opposite end. The inner limb of the 4. a. Ghemical 
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ARRANGEMENT OF SIPHON FOR DECANTING BY PRESSURE AND SUCTION. 


siphon is so curved as to be near the side of the bottle and easily 
visible, its point is directed sideways to prevent an upward rush of 
deposited matter. 

This apparatus gives to the operator full power to start and arrest the 
flow of the ether Peheheror he finds it desirable, and enables him to 
regulate the suction pipe, and so take off the last portions of ether above 
the deposit, without losing much ether or being molested by it. When the 
principal mother liquor is removed, pure ether is thrown upon the deposit 
which is again frozen. The deposit is much less soluble in pure ether 
than in the mixture of dissolved matters, a peculiarity shewn by almost 
all brain substances. ‘The deposit, when dense, frequently forms a firm 
cake at the bottom of the bottle, which comes off as a round disk. 

These “first deposits by frost from ether extracts of white matter” Cereprine ana 
are separated into cerebrine and myeline, as will be described lower oe dene 
down. Perhaps the most massive and substantial quantities of myeline ©” * fa 
ean be obtained from them, that can be obtained at all without the 

circuitous route of combination with metallic salts, 

When the ether extracts give no further deposits on exposure tO precipitation by 
renewed freezing mixtures, they are treated with absolute alcohol until Hes! of : 
all khephaline is precipitated, If the alcobol be watery, even slightly, “?™"°"* 
say of 80 to 90 °/, strength, the deposit contains much cholesterine, 
particularly if the ether soiution is concentrated. Absolute alcohol Ansotute ether 
should therefore be always taken as well as absolute ether for these ete eel 
operations ; many other reasons which will appear in the sequel support ae 
this desideratum to the extent of making it an absolute condition of 
perfect success. 
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Both ether and alcohol should be pure, z.e., not made from methylated 
spirit, but from pure spirit, and always be specially tested for pur ity and 
strength. 

The kephaline so precipitated is much less pure than that obtained in 
the first process, and requires, therefore, more purification by the pro- 
cesses to be described. ‘The ether-alcohol mother liquor is now treated 
with cadmic chloride dissolved in alcohol, so long as a precipitate takes 
place. ‘The precipitate is filtered off on a cloth, pressed hard, and 
immediately placed in ether. A cadmium salt dissolves, and will be 
described in the following as “soluble in ether cadmium salt from white 
matter after kephaline.” It consists of kephaline with another phos- 
phorised matter combined with cadmic chloride. Another salt remains 
insoluble in ether, and will be described in the following as “insoluble 
in ether cadmium salt from white matter after kephaline.” It consists. 
mainly of myeline combined with cadmic chloride. ‘The immediate 
principles can be obtained from these cadmium precipitates only with 
difficulty and by laborious and long processes, and therefore they are less . 
useful, if applied at this stage of the operation, than might at first sight 
be expected ; but they enable the operator to completely extract from 
the phosphorised substances the cholesterine which remains in the 
mother liquors. 'The mother liquors are distilled in the water bath until 
all ether is removed. On cooling they then deposit cholesterine in 
crystals, nearly pure. After further evaporation they deposit more 
cholesterine, mixed with some cadmium salt; ultimately they leave a 
mixture of cholesterine and neutral peculiar matters, to be isolated and 
purified as will be described. 

Treatment of the Buttery Matter—The buttery matter is kneaded 
with absolute alcohol in a pan, and allowed to extract during 24 hours. 
The alcohol is then renewed and the kneading repeated frequently until 
the undissolved matter appears as an adhesive, semi-solid mobile 
substance, yielding little or nothing to alcohol. This insoluble matter 
is mainly khephaloidine, with cholesterine, little myeline, and less cerebrine. 
It is treated with absolute ether, in which kephaloidine easily dissolves ; 
myeline dissolves a little, leaving the bulk of myeline and cerebrine as a 
white undissolved mass. The latter are filtered off and washed. ‘The 
ether solution is exposed to a freezing mixture until it remains per- 
manently clear after filtration and renewed exposure. It is then mixed 
with sufficient absolute aleohol to precipitate all matters which will go 
down. When the mixture is clear the ether alcohol is decanted, the 
precipitate collected, rinsed with alcohol, spread on glass dishes, and 
exposed in a vacuum to dry. It constitutes kephaloidine, which must 
be purified, as will be described under the chapter relating to this 
substance. ‘The ether alcohol mother liquor of kephaloidine is treated 
with platinic chloride, or cadmic chloride, and the relative precipitates 
are separated by ether, so as to yield soluble in ether salt (kephaloidine 
and lecithine salt), and insoluble in ether salt (myeline salt). These 

salts must be further treated like those obtained from white matter. 
They are small in quantity. 

_ The alcoholic extract of the buttery matter can be treated by gradual 
concentration and exposure to freezing mixtures, when myeline and 
cholesterine, ultimately cholesterine alone, are deposited ; but the process 
offers no advantage except preliminary information, as each fraction of 
deposit has to be treated in the same manner in which I now treat the 
entire solution. It is mixed with as much solution in absolute alcohol 
of pure platinic chloride as will effect complete precipitation. The 
voluminous precipitate is filtered and washed with absolute alcohol, 
particularly by removal from filter and shaking in a bottle with the 
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washing alcohol and re-filtering. It is then drained on bibulous paper, Apr. No. 5. 
without being permitted to become dry and waxy, or soft and pasty. It on the Chemical 
is next treated with a large volume of absolute ether until it is Aes Bruen Bee 
differentiated into a fine yellow powder and an orange-coloured solution. Dr. Thudichum. 
These are separated by filtration; the pulverulent matter is washed with pycatment of 
ether to exhaustion, which requires its removal from the filter and EV Ol gross 
shaking with ether in a stoppered bottle, and re-filtration, repeated “" °°" 
more than once. Ultimately this precipitate dries easily in air, and 
becomes somewhat waxy, but is easily powdered. It constitutes paper UUs 
myeline-platinic-chloride. The orange-coloured ether solution is con- 
centrated, when on exposure to cold it will frequently deposit the 
soluble salt as a solid mass, but it is better to precipitate the solution by 
absolute aleohol, filter, wash with alcohol, and shake therewith in a 
bottle two or three times, drain’ on bibulous paper, and dry in vacuo. . 
The latter precipitate constitutes probably lecithine-platinic-chloride. bate ee 
It is, however, less pure than the myeline salt, as it necessarily contains 
some kephaloidine, from which it has to be purified as will be described 
under the paragraph to be given to this account. een 
The alcoholic mother liquor from which all matters precipitable by ae ee 
platiuic chloride have been removed on standing deposits some chole- 
sterine and a little platinum compound. It is concentrated by distillation, 
and on cooling deposits much cholesterine. Platinum is now precipitated 
by hydrothion, and the precipitate extracted with water, which removes 
hydrochloric acid. From the black precipitate matters are extracted by 
alcohol and ether, which yield cholesterine and the neutral bodies Yields choles- 
already referred to; but it is probable that the distillation of the first °™° 
alcohol in presence of the platinic chloride affects some of the matters, so 
as to change them more or less from their original properties. 
Treatment of the last oily.—This is easily soluble in alcohol aid Treatmentof last — 
ether, without residue. It is simply treated in alcohol solution with °™ 
platinic chloride, and mostly yields only salt soluble in ether (lecithine ? 
platinic chloride) ; sometimes also myeline salt, and sometimes it decom- psc, trom last 
_ poses during treatment, yielding a resinous platinum salt insoluble in oy: 
most reagents, and not yet any further studied. It is an accidental 
product. ‘The mother liquor yields cholesterine and neutral matters, but 
only in small quantity, being probably oleate and margarate of ethyle. 
The buttery matier has also been subjected to ether treatment, but Ties ese 
without any advantage, and this treatment, which can be easily deduced te butters 
from the ether treatment of the white matter, as an analogy, need not 
here be any further described. 
We have thus separated the brain into the following immediate Principles of 
principles or mixtures thereof :— pial ae 
1. First extractives (by soaking alcohol), 
2, Insoluble albuminous residue. 
3. White matter, containing :— 
a. Kephaline (with varieties and compounds). 
6. Mycline (with varieties and compounds). 
ce. Lecithine (with varieties and compounds) (?). 
dé, Cholesterine (varieties problematical). 
e. Cerebrines (several varieties). 
J. Neutral lipoid matters, probably ethers (several, solid and fluid). 
4, Buttery matter, containing :— 
. Kephaloidine (with varieties and compotinds), 
6. Myeline (with varieties and compounds). 
e. Lecithine (with varieties and compounds) (?), 
d. Cholesterine (varieties problematical), 
e 
fi 
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. Cerebrines (several varieties). 
Neutral lipoid matters, probably ethers (several, solid and fluid). 
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5. Last oily matter, containing :— 


a. Lecithine (with varieties and compounds) (?). 

6. Cholesterine (varieties problematical). 

ce. Ktherised lipoid matters (several, solid and fluid) 
6. Ultimate watery extract of brain, containing :— 

a. TWixtractives. 

b. Nitrogenous principles. 

e, Hydrocarbons. 

d. Organic acids and salts. 

e. Inorganic salts. 


In the foregoing descriptions of processes I have, for the purpose of 
brevity, spoken of the crude immediate principles which were isolated 
as if they consisted of a single body each ; but in the summary list just 
given I have added to most of the names of these compounds an enlarged 
definition, by which not only the pure principle, but also varieties of tt, 
and compounds of it are said to have been isolated in one and the same 
operation. This is strictly the ease, as will be seen, for example, in the 
account of kephaline hereafter to be given; but it may be at once stated 
that the pure immediate principle which gives rise to the name consti- 
tutes the great bulk of each preparation; that this bulk is relatively 
greatly increased by the removal during the process of purification of 
matters in chemical combination with a smaller portion of the immediate 
principle, and that the varieties are very similar in type to the principal 
matter, and whenever they cannot be separated absolutely their nature 
and quantity can be ascertained by very good approximations, Where 
matters are so similar in properties as kephaline and kephaloidine, a 
complete separation of the entire quantity of each from the other is not 
easily effected, but a quantity of each can be obtained pure from the 
other, and from the results obtained by their chemical study the com- 
position of mixtures in any proportions can be derived. The immediate 
principles above enumerated may be arranged in the following groups :—: 


Group of Principles containing Five Elements, C, H, N, S, O.— 
This may be termed the group of sulphurised or albuminous principles. 
It includes albumen and small quantities of histo-genetic substances. 


Group of Principles containing Live Elements, C, H, N, P, O.— 
This may be termed the group of phosphorised pr inciples. It includes:— 
Kephaline, with varieties and compounds. 
Myeline, with varieties and compounds. 
Lecithine, with varieties and compounds (?). 
It is at present uncertain whether any of the solid and fluid neutral 
lipoid matters belong to this group. 
Group of Principles containing Four Elements, C, H, N, O—This 
may be termed the group of nitrogenised principles. It includes :— 
Cerebrine in its several varieties, 
Kerasine in its several varieties. 
Phrenosine in its several varieties. 
Extractive acids, and secretory acids, and their salts, such a 
uric acid, and congeners. 
Neutral principles, such as urea and amido-acids. 


Group of Principles containing Three Elements, C, H, O.—This 
may be termed the group of oxygenated principles. It includes :-— 
Cholesterine, with any varieties, iAteotil . 
Hydrocarbons, stich as inosite. } eae 
Organic acids, such as lactic, formic, &e. 
‘ats and fatty acids, which if not regularly found in health, are 
certainly present in disease, 


125. 


Group of Inorganic Principles, including both acids and bases, and 
salts, either free or in combination with many of the foregoing organic 
principles. This includes :—- 

Sulphuric acid. 

Hydrochloric acid, and as Cl in chlorides. 
Phosphoric acid. 

Carbonic acid. 





Potash ‘> 

Soda In combination with immediate principles, 
Ammonia forming their bases, or in combination with 
Lime phosphoric acid, and attached to immediate prin- 
Magnesia ents as phosphates, or in combination with 
Copper mineral acids, as free mineral salts in the juices 





Tron and extracts. 
Manganese J 
Alumina, silica, fluorine (doubtful). 

As the albuminous matters from the brain, when once isolated, offer 
no specific differences from albuminous matters of the body in general, 
and as their study, while in combination in the fully constructed brain, 
can only be carried on with advantage after the matters peculiar to or 
highly prevalent in brain substance are fully known, | have not given 
much time to this group, although information as to its bearing in mass, 
and as to the inorganic matters combined with it in mass, has been 
obtained; this is to be reserved for expansion in future researches. In 
the present essay I propose to communicate only those researches which 
bear upon the group of phosphorised and the group of nitrogenised 
bodies, and that portion of the group of inorganic principles which 
directly combines with the bodies of these groups. I may, however, 
state that much information on the principles constituting all other 
groups, as well as much material towards their study, has been collected 
in the course of these researches. 





IIl.—DESCRIPTION OF CERTAIN CHIEF PRINCIPLES 
WHICH HAVE BEEN ISOLATED. 


A.—Group of PHOSPHORISED PRINCIPLES. 








CONTENTS. 
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General Properties of the Phosphorised Principles.—This group com- 
prises kephaline, kephaloidine, myeline, and lecithine, and their con- 
geners and compounds. All these bodies have certain properties in 
common, which point to some similarity in chemical constitution; by 
other peculiarities again, they are sharply distinguished from each other. 
They are ali soluble in water in a certain manner and measure. 
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When they are in the dry state, and are placed in pure water, they sink 
to the bottom, and are at once wetted by the water. Thus, their specific 
gravity is shown to be greater than that of water, and by this and the 
faculty of being wetted, they are sharply distinguished from the fats or 
fatty acids, but assimilated to the soaps, as the older authors correctly 
stated. When they have remained in the water for a short time, they 
begin to swell, to become transparent at the thin margins of the par- 
ticles, and covered with a loose layer all over their surface. This on 
agitation is easily detached, and floats in clouds in the liquid ; the clouds 
diffuse themselves indefinitely throughout the whole of the water, and if 
enough water is present, the mixture is frequently shaken and some 
time is given, the particles of solid matter disappear entirely and form a 
turbid solution of very peculiar appearance. As will be seen hereafter 


in particular, these solutions can by no mechanical means be clarified, © 


yet they are solutions and pass through many layers of the finest 
Swedish filtering paper; no particles can be distinguished by high 
powers of the microscope, yet they must be there and consequently so 
small as to be beyond the reach of optical definition as single particles. 
They exhibit their presence, however, by iridescence in the case of my- 
eline and lecithine, and by reflecting ‘polarised light in all cases. These 
solutions, therefore, resemble somewhat the cold solutions of soaps, and 
the emulsions produced by solid fatty acids with neutral phosphates ; 
the emulsion produced by vegetable seeds (almonds) with water, &c. ; 
but they differ from milk and “emulsion of fats and gum by there being 
no particles visible. Moreover, emulsions are supposed to require the 
presence of two agents besides water, whereas these brain substances 
give this peculiar sdlution with mere water; they are not decomposed, 
as the soaps are, into acid and alkaline salt, as they are not salts, but 
form these solutions in the free and uncombined, but also in the com- 
bined state. I can give no better definition of this peculiar condition 
than by describing it as a state of imperfect or incomplete solution, a 
stage intermediate between the solid and the fluid state of matter. 
Those who do not coincide in this description may term the solution an 
‘ emulsion,” if that conveys any definite idea, or a state of the finest 
subdivision of particles with peculiar attraction of these particles to 
water, and consequent repulsion of particles from each other. This 
latter part of the question I shall have to consider at greater length 
when I come to discuss the dependence of the structure of the brain 
upon the chemical and physical characters of its ingredients. For the 
present purpose it suffices to sum up that these phosphorised bodies 
have all an extreme attraction for water, swell in it, and ultimately form 
a nearly perfect solution. By this means they afford good opportunities 
for mechanical and chemical purification now to be deser ibed. 
Deposition of Impurities. — The solutions on standing deposit any me- 
chanical impurities, and. any cholesterine contained in the matters 
dissolving crystallises out and sinks to the bottom. Any excess of the 
matters beyond saturation is also deposited, as well as the less soluble 
compounds. If any cerebrine were with the matters it would deposit 
as a thick gelatinous matter. All solutions therefore produced as above, 
and which experience has shown me, should not contain above one per 
cent. of the matters, must be allowed to stand for a day or two, in order 
that these insoluble impurities and admixtures may be deposited. The 
pure solution is then removed with the syphon from the deposit; the 
solution is filtered, and the deposit further exhausted with water. 
Filtration of the Watery Solutions of the Phosphorised Matters.— 
When the solutions are placed on an ordinary filter of paper, a portion 
passes by gravitation, but the pores of the paper gradually become ob- 
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structed and filtration ceases. It is therefore necessary to expedite 


App. No. 5. 


filtration by the aid of pressure. For this purpose I have constructed ® On the Chemical 
new apparatus in which a vacuum draws the liquid to be filtered into a pou kon of 


hollow cylinder surrounded with paper. 
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APPARATUS FOR FinrraTion By AIR-PRESSURE. 








The filter F is a hollow cylinder of silver-plate pierced like a fine 
sieve, and covered with a six-fold roll of Swedish filtering paper, made 
secure at the top and bottom by a ring of string, which also runs 
spirally over the whole paper. This stands in a glass cylinder C which 
contains the fluid to be filtered and is always kept full by a perpetual 
siphon §, drawing the liquid from the reserve bottle R ; as frequently as 
the fluid in the wide upper part of the cylinder sinks below the oblique 
end of the air tube A, which is wide and provided with a bulb, air is 
admitted by A into R and the siphon acts. The bottle ‘receiving the 
filtrate V is evacuated of air gradually by means of the air pump P. 
The tube which draws the filtered liquid from the cavity of the cylinder 
goes to the bottom of the cylinder, so that nearly the whole of the 
filtered liquid can at any time be drawn into V. 

Such a cylinder, about a foot long and four inches in circumference, 
will, with a pressure on C of 70 centimetres of mercury, filter a Win- 
chester quart full of one per cent. solution of phosphorised matter per 
day; the more, the purer the substance is, the less, the more cholesterine 
and cerebrine it contains. Sometimes only 100 ce. are filtered per hour. 
In such a case a coarser filtering paper should be rolled over the Swedish 
to collect the coarsest particles and prevent them from getting upon the 
Swedish paper. After some hours filtration becomes slow and ultimately 
ceases entirely ; then the paper is found covered with a gelatinous mass 
of undissolved matter and impurities. These may be rinsed off and 


he Brain, by 


~ Dr. Thudichum. 


Quantity filtered 
in time. 


On the Chemical 


Dr. Toeieteatn. 


128 


again extracted and filtered; but I have mostly found the maiter so 
small in quantity that I have discharged it with the paper. Such a 
filter, with two changes of paper per day, may be going night and day, 
and if all corks are air tight, which is easily effected by applying hot 
paraffine to them, requires very little attention except a few strokes of 
the pump from time to time. When the substances previous to their 
solution in water were very pure, they left no vestige of cholesterine 
crystals, or of cerebrine on the filter. The filtered fluids are still opaque, 
those from kephaline more colored, those from myeline and lecithine of 
a milky whiteness with the blue iridescence. When a good filtration 
had been effected, a second filtration effected no improvement and was 
quickly accomplished. In this manner all phosphorised matters used 
for cardinal preparations were passed through the process of watery 
solution and filtration. 

The process offers peculiar advantages for each of the three varieties 
of phosphorised principles, but is essential only for the purification of 
myeline from cerebrine ; this separation is effected more conveniently, 
if not more completely, than by means of ether. Kephaline scarcely 
ever retains any cholesterine, but myeline always does, unless it has 
passed through the Pt Cl,, or Cd Cl, proeess, 

All the Phosphorised Matters are soluble in Ether, but in very different 
Proportions.—Kephaline dissolves in this reagent in almost any 
quantity ; lecithine only less than kephaline ; but myeline is very 
little soluble in cold ether, more in hot ether, and is instantaneously 
deposited from the ether as it cools, 

All the Phosphorised Matters are soluble in Alenaal. —Lecithine in 
all proportions in hot absolute alcohol, less in cold; kephaline is almost 
insoluble in cold alcohol, more soluble in hot, almost entirely deposited 
on cooling ; myeline, however, is little soluble in cold alcohol, largely 
soluble in hot, and is deposited on cooling in a erystallised state, and in- 
such quantities that the fluid becomes filled with crystals. It will thus 
be seen that while water offers no means for the separation of these 
substances from each other, ether and alcohol offer great advantages, 
which have indeed been utilised in the construction of the method for 
their separation above described. 


(a.) Sub-Group of the Kephalines. 














CONTENTS. 

cog wf Page 
Kephaline, purification, &c.  ~ -! - - ” - - 
Bases and salts in crude kephaline — - ~ - . < 
Clarification and decolorisation of ethereal solutions of kephaline - - 
Ultimate analyses of kephaline - - ~ - - = 
Reactions of aqueous solution of kephaline — - - - - - 
Kephaline cadmium chloride salt - - - - . ~ 
Decompositions and chemolyses of kephaline - - - - - 
Products of kephaline chemolysed =~ - - . - - 
Kephaline lead salt = - - - - - - - - 
Oxykephaline with cadmic chloride - - - ~ - - 
Peroxykephaline, general account of, &c. ae - ~ ~ 
Lead salt of peroxykephaline - “4 ~ - ~ - 
Kephaloidine, general account of - ~ - - 
Reactions of watery solution of kephaloidine - - - - - 
Lead salt of kephaloidine - - - ~ - - 
Oxykephaline cadmic chloride salt - - - - - ~ 





Kephaline. —-Cyg Hy N P. Oy3- 
Purification.—Vhe crude kephaline obtained by the primary opera- 
tions is dried under the air pump over sulphuric acid. It must be 
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repeatedly taken out, and flattened out m.a mortar, and again dried, App. No. 5. 

before it becomes dry and brittle and can be powdered. Resolution in in 
oe 4. ws n the Chemical 

absolute ether, reprecipitation by absolute alcohol, and redrying causes Constitution of 
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The dry substance is then dissolved in pure water, 10 grms. in the Soe 
. v 4 . i , ‘ . Filtration of the 
litre, and after complete solution by agitation in a stoppered bottle, 18 solution in water. 
allowed to deposit less soluble salts and impurities, decanted or syphoned 


from these, and then fiitered by pressure as described. 


The filtered solution is now treated with enough hydrochloric acid to Treatment with 
effect complete precipitation of all kephaline as hydrochlorate, a salt HO: 
which appears in voluminous flakes, and on shaking collects on the 
surface of the liquid. (This precipitation, like others to be’ related, 
affords a good criterion of the previously dissolved state of the sub- 
stance.) The mother liquor is drawn from underneath the precipitate 
with a siphon; fresh water is poured on the precipitate, and the whole Washing with 
is now placed upon a paper filter or cloth, and washed with water, until Water. 
it begins to swell and dissolve. At that point it is found that all HCl 
is washed out, and that only pure hydrated kephaline remains on the 
filter. This was expressly proved by analysis in several cases, but 
more especially in the following experiment. 


Experiment proving Expulsion of Hydrochloric Acid from Kephaline 
by Water. 

Half a litre of a weak kephaline solution was precipitated by H Cl Experiment 

and filtered ; the precipitate on filter was replaced in 500ce. of water to Provins apm 
test its solubility, and was found insoluble, but the water contained free from kephaline 
MWCl. It was again filtered, and after solution had ran through, 7%“? 
absolute alcohol was blown on the precipitate ; this became adhesive, 
and the solution refused to filter. ‘The alcohol and precipitate were 
transferred to a beaker, and the whole was gently warmed in a water 
bath to a temperature not much above 60°. The precipitate fused, but 
dissolved very sparingly, apparently the less the more the alcohol made 
the precipitate anhydrous. The alcoholic solution was now filtered off 
wari, and the undissolved portion of the precipitate taken up with ether. 
The solution so obtained was of a colour resembling ordinary kephaline 
in ether, and was poured into the alcoholic solution. The precipitate 
which ensued was fawn coloured, adhesive, and leathery; it was 
isolated, washed with absolute alcohol, the mother liquor being squeezed 
out of it, then pressed and dried in air-pump. When dry it weighed 
0°6290 gram, The whole was analysed for chlorine as follows. It was 
heated to dryness in a strong solution of pure soda, with carbonate and 
nitre added, and the mass was burned. The fused mass was dissolved 
in dilute nitric acid, and the solution tested with argentic nitrate. No 
precipitate occurred, showing that the body obtained in this process is 
not a hydrochlorate, but probably kephaline in a purified state. This 
latter probability is raised 10 a certainty by the following experiments. 

Examination of the Bases and Salts which are in combination Traces of ad 
with Kephaline, after Filtration of its Aqueous Solution. — The ™°"™ 
solution of hydrochloric acid and other matters filtered from the 
precipitated kephaline was evaporated to dryness. A portion was then 
boiled with solution of baryta, when traces of ammonia were evolved, 

The rest of the residue was then ignited in a platinum dish to destroy 
all traces of organic matter. The ash was slightly molten, and only 
partially soluble in water, but easily soluble in water slightly acidified 
with hydrochloric acid. The solution was filtered from a trace of 
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carbon, and treated with excess of ammonia, whereupon an abundant 
precipitate of earthy salts fell down, and the solution assumed a deep 
blue colour. Precipitate and solution were separated by filtration. The 
precipitate dissolved readily in a little HCl, forming a slightly red 
solution, indicating presence of zon, which was ae | by the 
sulphocyanide test. In another portion of the solution dilute sulphuric 
acid gave an abundant precipitate of gypsum, showing presence of 
calcium. In another portion the molybdate test showed the presence of 
phosphoric acid. To the remaining portion a few drops of ferric 
chloride were added, then sodic carbonate nearly to neutrality, and 
lastly, excess of barytic carbonate. This mixture was allowed to stand, 
filtered and filtrate, freed from excess of baryta by sulphuric acid, filtered 
and filtrate after supersaturation with ammonia, gave a great precipitate 
with ammonium oxalate, insoluble in acetic acid, showing presence of 
much calcium. The filtrate from this calcic oxalate on concentration 
and treatment with ammonia, ammonic chloride, and sodie phosphate 
gave the precipitate characteristic of magnesium. The precipitate pro- 
duced above by barytic carbonate was boiled with excess of pure soda, 
and filtrate warmed with ammonic chloride, when only a turbidity was 
produced, indicating the absence of aluminium. 


The alkaline filtrate from the foregoing precipitate by ammonia was 
tested for lime by oxalate, when a “considerable precipitate was pro- 
duced, showing the presence of lime uncombined with phosphoric acid, 
and which must therefore have been in combination with part of the 
kephaline. The blue solution was again filtered from calcic oxalate, 
which had been entirely precipitated, and acidified with hydrochloric acid. 
The copper was precipitated by hydrothion, the filtrate evaporated to 
dryness, ignited, and the residue tested for alkalies. This residue was 
considerable, surmounting in quantity or bulk the bases previously 
removed. It was fusible with ease, and on solidification became white 
and crystalline, but interspersed with many red particles of ferric 
oxyde. The fusion showed it to be mainly potassic chloride, but there 
was also some sodic chloride present, as indicated by flame reaction, and 
the ferric oxyde which had escaped precipitation by excess of ammonia. 

It is therefore proved that the kephaline obtained by the alcohol and 
ether processes, and purification by solution in water and filtration, 
consists of the following ingredients : - 


Kephaline in the free state. 


Kephaline combined with ammonium, sodium, potassium, calcium, 
iron, copper, and with calcic and magnesic phosphates. 


This experience was repeated a great number of times on, in the 
aggregate, several hundred grammes of dry kephaline; the calcic and 
potassic salts were always found prevailing greatly in quantity over the 
others, none were ever absent. Although I have not compared the 
total of the neutralising power of the bases with the total of the acid 
combining power of the kephaline, by direct quantitative experiment, I 
am sure that much kephaline must have been present in the free state, 
as will appear from future developments concerning the combining and 
dissociating powers of this body. 


Experiments intended to effect a Clarification and Decolorisation of 
Watery and Ethereal Solutions of Kephaline. 


To a solution of one gram kephaline in 100 c.c. of water, 5 c.c. of filtered 


fresh white of egg were added, and the mixture was heated in a flask 


in the water bath ; it remained turbid and no separation of coagulated 
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albumen took place. The mixture had a faintly alkaline reaction. On 
addition of a drop of acetic acid to the heated mixture a copious 
precipitate ensued, which enclosed both kephaline and albumen (the 
kephaline solution by itself, cold, is only partially or imperfectly pre- 
cipitated by the same acetic acid). By filtration a perfectly clear liquid 
was obtained, which was no longer precipitated by baryta water or 
platinie chloride, and not changed by boiling. Consequently, all albu- 
men and all kephaline were removed together from the solution and 
perhaps in part combined. Cold absolute alcohol in large quantity 
extracted all or nearly all kephaline from the albumen, and on distillation 
left it perfectly white. The albumen, on the other hand, was, after 
washing with alcohol and ether, in a finely divided pulverulent state, 
and not hard nor horny. This process is therefore useful for preparing 
snow-white kephaline, which must however not again be brought into 
contact with ether, as that would immediately cause it to become 
coloured under the influence of oxydation. 

This experience bears directly upon the treatment of albuminous 
solutions from animal liquids ; for it must now be studied whether they 
do not all contain kephaline and allied bodies, and whether the phos- 
phorus so often found in them is not due to the admixture of a quantity 
of kephaline. 


Influence of Animal Charcoal on Water Solution of Kephaline.— 
To a solution of 1 grm. kephaline in 100 c.c. of water, 2 grms. of pure 
animal charcoal were added, the mixture shaken, and then subjected to 
the vacuum filter. A little fluid passed, which became at. last quite 
clear. A portion of the last clearest, collected by itself and tested, was 
found to be almost pure water ; for hydrochloric acid, platinic chloride, 
baryta hydrate, and lead acetate, produced the very feeblest precipitates 
only, while the original solution was made solid by the same precipi- 
tants. ‘The animal charcoal therefore retained the kephaline, and when 
isolated and extracted with alcohol yielded it up to that solvent. This 
experience, as well as that made with albumen, shows that the watery 
solution of kephaline cannot be clarified by these agents, if indeed they 
do not show also that the condition of kephaline is one of suspension 
and not of true solution. That, however, charcoal has a special attrac- 
tion for kephaline, such as it also exhibits towards other ammonium 
bases and alkaloids of undoubted solubility in water, is shown by the 
following experiment. 


Bearing of Kephaline in Ether with Charcoal. — A concentrated 
solution of kephaline in ether was treated with much animal charcoal, 
in order to be decolorised. The object was but partially obtained. The 
charcoal, after filtration and washing, was found to retain much kepha- 
line, which was extracted by boiling absolute alcohol, and from this 
deposited on cooling in a perfectly white state. The solution deposited 
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more on spontaneous evaporation. Both were tested and identified as 


kephaline. 

Kephaline therefore can be removed from watery solution by charcoal 
and curdling albumen, and again extracted from these substances by hot 
or cold alcohol in large quantity, and obtained from these solutions in 
a perfectly white state. 


Ultimate Analysis of Kephaline.—A specimen of highly purified 
kephaline was passed through the water-filtration and hydrochloric acid 
process ; it amounted to four litres of one per cent. solution, and after 
re-solution in ether and precipitation by alcohol left about 30 grms. dry 

matter. It was thoroughly dried in vacuo over sulphuric acid, being 
frequently triturated, and ultimately reduced to a fine powder. Carbon 
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Arp.No.5. and hydrogen were determined by combustion with lead chromate 
On the Chemica] 224 copper turnings. 0°4622 grm. gave 1:017 grm. CO,, equal to 
Constitution of 6°2772 erm. carbon or 60°00 °/, carbon ; and 0'391 grm. H, O, equal 
Dr. Thudichan. to 9°399°/, hydrogen. | 

Nitrogen was determined by volume, the bichromate and carbonate 
mixture being used for production of carbonic acid gas. 0°544 grm. 
gave 8'0 cc. gas at 15° C and 763 mm. B. Heightof K HO column 
=150 mm. equal to 15°38 mm. mercury. Total 28 m.m. deducted 


8:-x 273 x 735 56 
a nen ee Paty Ci Cdl nat ene ee 
988. x0 760 7°33 c.c. norma s 





Nitrogen. 


from 768 leaves 735 m.m. 


nitrogen. 

Phosphorus. Phosphorus was determined by evaporating the substance with 
solution of pure soda, made from metallic sodium, mixed with carbonate 
and nitre, to dryness, slowly deflagrating, &c., and determining phos- 
phoric acid by magnesia method. 0:'9574 grm. gave 0°1468 grm. 
magnesium pyrophosphate (Mg, P, O,), equal to 4°27 °/, phosphorus. 


Thus we have the following per-centages and atoms :-— 


Theory. 


Found. -<- by at. wet) + byN=1 fo 
Atoms, Per cents. 








42C 504 60°28 
19H 79 9°44 
N 14 1°67 
P ol 3°70 
is GQ 208 - 24733 


| 
| 


60°00 5°00 
9°39 ., 9°39 
1°68 "12 
4°27 "13 
24°66 1°54 1 


On4Ha 
a en oe 
DoOow-3 


100°00 


Formula. leading to formula Cy, H,» N P 0,3, 


We shall see hereafter that this formula is supported by the results 
of the analysis of a number of other preparations, being partial or com- 
plete compounds of kephaline, of which the organic matter always has 
the compositiov of the free substance ; and by the results of a series of 
chemolytic experiments the sums of the cleavage products of which 
also lead to this formula. | 


Combines with Combinations of Kephaline.—In water kephaline swells and forms 

ia an emulsion, ultimately an imperfect turbid solution. Its affinity for 
water is very great, and the last quantity of water is expelled from it in 

Ather makesa the vacuum only with great difficulty and after a iong time. From a 

eine! watery solution or mixture it cannot be extracted by ether, as the 
liquids form an emulsion which persists even after a portion of the 
ether has separated from the water. This emulsion is very thick, like 
paste, white like milky water, and practically unmanageable. When a 
drop or a few drops of a concentrated ether solution are allowed to fall 
into a test tube full of water, the mixture is at once transformed into 
a white jelly, which is so firm that the tube can be turned upside 
down without anything flowing out of it. Solutions of kephaline in 
water on standing do not decompose or become mouldy, even in the 
course of some weeks. 

Solubility in Cold absolute alcohol dissolves a little kephaline, more on boiling, 

alcohol, :and deposits a part on cooling in white flocks. 100 parts absolute 
alcohol at 17° C. dissolve seven parts kephaline; at boiling heat of the 
alcohol nine parts, of which two parts are deposited on cooling. When 
an excess of kephaline is boiled with an insufficient amount of alcohol, 
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the part which remains insoluble does not seem to undergo any change, App. No.5. 
for it retains its solubility in ether and precipitability by alcohol and oy ¢ne chemical 
other reactions. Constitution of 
In ether kephaline, when not too much hydrated, is highly soluble ; ne proaicbaum. 
when dry it is soluble in anhydrous ether in almost any proportions ; Solubility in 
it does not crystallise from this solution, and cannot be made to deposit ether. 
as from a mother liquor. It is precipitated from the ether solution by an Alcohol precipi- 
equal or greater volume of alcohol in white clouds, which combine to }2\<s ether solu- 
clots, and ultimately forms a firm substance, which becomes at first — 
plastic, and then dries in vacuo to a hard brittle mass. The ether 
solution becomes quickly red in transmitted light, and fluoresces with a pyorescence. 
fine green color. No other phosphorised or other brain ingredient 
shows this peculiarity except kephaloidine. 
Solubility of Kephaline in Benzole.—A. specimen, thrice precipitated gotunitity in 
from ether by alcohol, and when last in ether, exposed during 24 hours benzole. 
in ice to a temperature of 0°, proved soluble in cold benzole, and very 
soluble in hot. It formed a yellow solution. A sample in a test-tube 
exposed to frost gave no deposit. The addition of alcohol to the benzole pyecipitatea by 
solution produced a slight precipitate, insoluble in excess of alcohol, but ee from 
soluble in excess of benzole, and soluble on heating. Benzole can °” 
therefore not be used, like ether, for the purification of kephaline. 


Reactions of the Aqueous Solution of Kephatine-—A. one per cent. Roactions in test 
solution, filtered by air-pressure through three-fold Swedish filter paper, tubes. 
was used. 

1, Hydrochloric acid gives a bulky curdy precipitate, slightly yellow, y « 

and after isolation soluble in ether, not precipitated by alcohol 
from its ethereal solution. In the filtrate from this hydrochloric 
acid precipitate platinic chloride produces the merest opacity. 
But from the ethereal solution of the H Cl precipitate alcoholic 
Pt Cl, throws down a precipitate, which is soluble in ether, and 
reprecipated by alcohol. 

2, Sulphuric acid produces a precipitate like that produced by HCl. go. 

3. Nitric acid the same as the previous acids. HNOs 

4. Baryta water produces a bulky curdy precipitate. Ba HzO». 

5. Lime water produces a similar precipitate, but it does not separate Ca H2 02, 

like the Ba H, O, precipitate. 

6. Cadmic chloride, curdy precipitate which readily coalesces.' CaCh. 

7. Zine chloride, similar to Cd Cl. . Zn Cle 

8. Mercurie nitrate produces a dense precipitate, which is insoluble ye nos, 

in nitric acid, but colored slightly yellow thereby, heat being 
evolved. The precipitate is sometimes rose red, and in adhesive 
flakes. Washed and allowed to stand with water it becomes 
again white, ropy, and adhesive, and soft, and on being shaken 
easily dissolves in water in the manner of the original kephaline. 
- The mercuric nitrate seems therefore to be separated by water 
from kephaline in the same manner as other salts and acids are. 

9. Baryum chloride produces a good dense flaky precipitate. Imme- BaCla, 

diately after isolation it is insoluble in water, insoluble in aicohol, 
but easily soluble in ether, and apparently reprecipitated by 
alcohol. ‘This reprecipitated matter was proved to contain 
baryum. Some special experiments with this compound will be 
related hereafter. 


10. Calcium chloride acts like Ba Cl. Ca Cle. 
11, Platinic chloride produces a bulky precipitate. PtCh. 
12. Ammonia makes solution a little turbid ; no precipitate. N HHO. 


13. Platinic chloride mixed with H Cl produces a very well-defined picu+ HCl. 
precipitate. 
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14, Magnesium chloride, a very precise immediate precipitate. 

15. Ferric chloride, a yellowish turbidity ; imperfect precipitate. 

. Uranic nitrate, a white turbidity, and precipitate imperfect. — 

17. Watery bromine produces a bulky precipitate, nearly whit 
soluble in caustic potash ; acetic acid added to this agai, 
liberates the precipitate. Chloroform added to this mixture 
produces a chloroforni solution of Br at the bottom, containing 
the excess of reagent, and an impracticable white emulsion on 
the top. 

Cupric nitrate 

. Cupric chloride 

. Cupric sulphate 

. Cupric acetate 

22. Mercuric chloride makes the solution very turbid, but no pre- 

cipitate. 

. Mercuric acetate, immediate complete precipitate. 

. Argentic nitrate, immediate complete precipitate, darkening a 

little when exposed to sunlight. 

. Auric chloride, and a drop of HCl, immediate precipitate, which 

blackens over night. 

. Antimonic chloride, a very bulky precise white precipitate. 

Stannous chloride, a white flaky complete precipitate. 

. Stannic chloride, a precipitate and turbid solution. 

. Tannin in water, no particular reaction. 

. Picric acid, a turbidity, but no manageable pr ecipitate. 

. Arsenious acid, a precipitate and turbidity. 

. Arsenic acid, a very complete immediate precipitate. 

. Phosphoric acid, a very complete immediate precipitate. 

. Basic lead acetate, a precipitate and very turbid solution; 

perfect separation. 


In none of the foregoing reactions was any artificial heat employed, 


— 
oo 


All produce perfect precipitates of a greenish 
white colour. 


ho 


but they were all made at the ordinary temperature. 


Dialysis of 
kephaline, 


Kephaline cad- 
mic chloride salt 


It was found that most of these precipitates could not be washed with 
water without losing either acid or base, or salt, with which they were 
combined. But most of them remained insoluble in water until the 
point of purity was reached, when the kephaline either dissolved in the 
pure water, or clogged the filtering paper. 


Dialysis of Kephaline.—A solution of five grams of crude kepha- 
line was dissolved in 500 ¢.c. of water, and formed a white thick liquid, 
from which some cholesterine crystallised on standing. It was then 
placed on a dialyser of parchment paper. A trace of kephaline passed 
into the water, but so small was the quantity, that no chemical 
operation could be undertaken with it. 

Kephaline does, practically, not dialyse, but may perhaps act as a 
colloid, and allow its impurities to pass out into the water. 


Kephaline Cadmic Chloride Salt, prepared from Kephaline purified 
from bases by H Cl Process.—Two litres of a filtered one per cent. solu- 
tion were precipitated by dilute HCl. The mother liquor was drawn 
off, and the precipitate washed by agitation with water. The washing 


“water was again drawn off, and watery solution of cadmic chloride 


added, which caused great condensation of the precipitate. ‘The liquor 
was again drawn off, and the precipitate shaken violently with a great 
quantity of alcohol containing alcoholic cadmic chloride. Thus the 
precipitate was condensed to a viscous mass, from which the mother 
liquor was drawn off, and the alcohol entirely removed by careful 
munipulation. After draining, the precipitate was dissolved in ether, 
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and to the ethereal solution was added alcoholic cadmic chloride, cau- 
tiously, till a slight permanent precipitate was perceived. This was 
removed by filtration, and the brilliant fluorescent filtrate precipitated 
by absolute alcohol. The viscous mass was again drained from all 
alcohol by pressure with a glass rod. Redissolved in ether, it formed 
a perfectly clear solution, which was reprecipitated by absolute alcohol, 
when the compound came down in an almost pulverulent state. It was 
thrown on a filter, washed with absolute alcohol, then removed on a 
glass dish and placed under a dryer, then in a vacuum over sulphuric 
acid, and frequently removed to be powdered in a mortar, and ultimately 
finely pulverised. It was then subjected to elementary analysis, which 
yielded the following results : 


1. Carbon and hydrogen were determined by combustion with 
Pb Cr O,, and copper turnings. 0°4630 gram. gave 0°9100 C Oz, 
equal to 538°603 °/, carbon, and 0°355 H, O, equal to 8°519°/, 
hydrogen, 

2. Nitrogen determined as gas. 075504 grm. gave 6.5 c.c. N, at 
14°C and 765mm. B. Height of K HO column = 146 m.m. 
These elements give the calculation a =6°0lec.N 

normal = to 1°37°/, nitrogen. 


3. Chlorine, cadmium, and phosphorus were determined by fusion 
“with caustic soda, nitre, and carbonate, with great caution ; 
solution of salts in acid, precipitation of cadmium by hydrothion, 
and conversion into carbonate. Chlorine and phosphorus were 
determined in filtrate from cadmic sulphide by the usual me- 


thods. 1:0022 grm. salt gave 0°0742 Cd O, equal to 6°47 °/, 
cadmium. Further, 6°1682 germ. AgCl, equal to 4°15°/o 


chlorine, and 0°1268 grm. Mgy P. O,, equal to 3°54 °/, phos- 











phorus. The cadmium and chlorine were in the relation of 
Cd: Cl,, inasmuch as 4°15 parts chlorine require 6°54 parts 
cadmium. 
Summary of results— 

C  53°603) 

H ~8°519'| 

N 1°37 89°38 

PP. yo75% 

O 22°35 

Cd 6°47 

Cl, | 45h 10°62 

100°00  100°00 


Calculation shows that the kephaline is not completely saturated 
with Cd Cl,, ; that about four parts out of nine are uncombined. For 
the formula, derived from the organic matter with Pas 1, ze., Cyg Hyg 
NP 0,3, Cd Cl, yields the equation :— 








Cys Hy N (Ss Ox3) Cd Cl, Cd Cl, 
i eal) HY 
1019 : 183 100 : 17 98, 


whereas only 10°62 °/, Cd Cl, were found. 
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Deducting Cd Cly, and calculating per cents. of elements in organic 


On the Chemical body, we get— 
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5 


-- by At. Wegts. -> by Pas 1. At. Wets, 


os 


C 59°97 4°99 41°6 504 
H 9°53 9°53 79°4 79 
N 1°53 odd: 1:0 14 
P 3°96 112 1:0 31 
O 25°00 1°56 13°0 208 

836 





leading to formula Cy Hy N P O,3, with an atomic weight of 8386, thug 
fully sustaining the composition of the free substance. 

As 10 parts of Cd Cl,, supposed to be combined with a molecule of 
kephaline correspond to 59 parts of compound, about 40 per cent, of 
the above substance may have been free kephaline. 

The very weak chemical affinities of kephaline are here exhibited in 
a striking manner ; Cd Cl, was brought into contact with it at various 
periods, and yet could not be retained in combination, This is due to the 
fact that Cd Cl, cannot be dissolved in absolute, but only in somewhat 
watery alcohol ; and even little water decomposes the compound, and 
carries the Cd Cl, away, as will be shown by special experiment 
hereafter. 

Bearing of Kephaline with Hydrochlorie Acid and Platinice Chlo- 
ride-—About three litres of 1°/, solution, which by the deposition of 
the insoluble part and filtration had lost much of the 1 °/, originally 
dissolved, were treated with a mixture of HCl and Pt eli in slight 
excess. A bulky yellowish white curdy precipitate ensued, and rose to 
the surface ; it was allowed to contract, and the yellow mother liquor 
drawn from beneath it by a syphon. Absolute alcohol, equal in bulk 
to the precipitate, was now poured upon it, and the mixture violently 
shaken. This caused a further contraction of the precipitate, indi- 
cated by lesser bulk, increase of the yellow colour, and production of 
adhesiveness. ‘The alcobolic liquid was again syphoned off, and 
another quantity of absolute aleohol was now poured on the precipitate, 
and the mixture violently shaken. The precipitate thereby became 
deep yellow, adhering to the glass, and so contracted that the liquor 
could be poured off quite clear. The precipitate was now treated with 
a minimum of ether, in which it proved quickly and entirely soluble. 
On filtration, nothing whatever remained on the filter. An equal 
volume of absolute alcohol was added to the ether solution, whereby 
almost the whole of the salt was precipitated. The latter was freed 
from mother liquor by careful manipulation with a glass rod, redis- 
solved in absolute ether,-which gave a brilliant solution requiring no 
filtration, and this was reprecipitated by absolute alcohol in equal 
volume, added in a thin stream while the liquid was being stirred, 
‘Phe mother liquor was poured off ; the precipitate, which immediately 
became brittle and hard on rinsing with absolute alcohol, was drained 
from alcohol and placed over sulphuric acid in the vacuum. 
~ Second Preparation.—Another amount of the same body was made 
from four litres of a 1 °/, solution, in the same way, with this differ- 
ence, that whereas in the first case the precipitate was washed with 
alcohol directly, in this case two washing with water were carried out 
before the application of alcohol. ‘This was done in order to test the 
effect of water upon the compound desired to be produced. It was 
found that the dry body treated with ether and alcohol hke the first 
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preparation contained only a trace of platinum and a vestige of App. No. 5. 


chlorine, both elements being too small in quantity for accurate Qn the Chemical 
determination, fe eae tee 
Both preparations were therefore united, and it was sought to com- Dr. Thudichum. 
bine them with platinic chloride under circumstances, where the Contain pun 
influence of water was as much as possible excluded. (It must be trace of PbCh. 
remembered that solid platinie chloride contains six atoms of hydration {reparations 
water, which it necessarily carries into all its solutions.) They were dis- 
solved in ether and an ethereal solution of Pt Cl, was added, then 
precipitated with absolute alcohol. Again dissolved in ether, and 
treatment with Pt Cl, repeated. Ultimately the precipitate was dis- 
solved in pure ether, reprecipitated by pure alcohol, and dried in vacuo. 
Analyses,—1 ‘581 grm. deflagrated with the usual precautions yielded Analyses. 
0°0568 germ. metallic platinum, equal to 3°592 °/, Pt, and 0°2088 grm. 
Ag Cl, equal to 3°265 °/, Cl. 
If the platinum had been accompanied by only as much chlorine as 
corresponds to tetrachloride, 2-58 °/, Cl should have been found. By 
calculation we find that there is one fifth of Cl more than corresponds 


to this proportion, viz., 1 Pt: 5 Cl=38-592 Pt ; 3°22 Cl. 
A compound of the presumable formula : 


2 (Cyg Hy N POs) + 2Cl + PtCl, with an atomic weight of 
2083 requires 9:5 °/, Pt and 10-2 Cl. Consequently, the platinic 
chloride compound comprises about one third of the kephaline, of 
which two-thirds are uncombined. 

It is thus seen that although kephaline is most completely precipi- gummary, 
tated by Pt Cl, from its watery solution, yet by the process of solution 
and precipitation with solvents in which Pt Cl, is soluble, most of the 
Pt Cl, is extracted from the combination, and lost in the mother 
liquors, just as it is almost entirely extracted from the same precipitate 
by water. In short, the acids, bases, and metallic salts which easily 
combine with kephaline, when they are present in excess, are rapidly 
separated from it by solvents in which they themselves are readily 
soluble. | 

Chemically speaking these results are disappointingly negative, inas- Theoretical con- 
much as they refuse to furnish the ordinary means for determining the ““°™"* 
atomic weight and for finding guarantees of purity of preparations. 
But physiologically these features are of the greatest interest, inasmuch 
as they show us a marvellous diversity of power of reaction of kepha- 
line, by entering into and out of combination according to external 
circumstances. When the combinants are offered in a concentrated Condition of 
state they are retained, when the liquids which carry the combinants (joe 
(blood, serum, cerebrospinal fluid) become again diluted, the combined 
matters must again pass into solution and travel further. Thus every 
change of chemical composition of the juices of the body must neces- 
sarily and powerfully affect the condition of the brain and nerves, and of 
all tissues and cells containing their specific ingredients. 


Kephaline and BaryumChloride.—Two litres of a 1°/, watery filtered Kephaline andj 
solution of kephaline were precipitated by Ba Cl,, the mother liquor was *1¢ Ba CP. 
drawn off, the precipitate agitated with water containing Ba Cl., then 
washed with pure water, and finally on a filter where the washing with 
water was repeated until the washings were free from baryum and. 
chlorine. The enormously hydrated and swelled frothy precipitate was 
placed under a drier over sulphuric acid and dried, being frequently 
stirred and moved, ultimately powdered in a mortar to change the 
drying surface of the hardening matter and the drying completed in 
vacuo. 
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Analysis showed that the kephaline was almost pure, and retained 
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Decompositions of Kephaline.—When pure kephaline in the perfectly 
dry state is heated in a water oven to between 90° and 100° it fuses into 
a dark red transparent viscid oil. It becomes solid again on cooling, 
but retains a viscosity, so as to adhere to the fingers, which it did not 
before it was heated. Treated with water the heated and cooled 
kephaline swells again and gradually dissolves, but is darker coloured, 
so that some slight degree of decomposition or of oxydation seems to 
have taken place. 

When heated to higher temperatures it gives out much heavy strongly 
smelling inflammable vapour, which partially burns with formation of 
much soot. Ultimately a bulky charcoal is left, which cannot by 
ordinary heating in platinum vessels be entirely destroyed, as it is soaked 
with phosphoric acid. It cannot be entirely burned even after the prin- 
cipal quantity of phosphoric anhydride has been extracted with water. 
Complete combustion is effected only in the presence of nitre. 

With concentrated sulphuric acid dry kephaline in fine particles 
immediately assumes a dark red brown colour, which gradually becomes 
nearly black. When sugar and sulphuric acid are allowed to act upon 
kephaline a reaction similar to the one given by bile acids is gradually 
engendered. But the process essentially requires time, during which 
the mixture passes through a stage of dark brown colour, until a deep 
purple is at last attained. But this colour is never so pure or beautiful 
as that obtained with cerebrine, myeline, or the bile acids. It is there- 
fore probable that a decomposition of the kephaline has to be effected 
before the reaction is attained. 


Chemolysis of Kephaline by Caustic Soda. First Expertment.—A. 
watery solution containing 380 grms. of pure kephaline, filtered, d&c., 
was precipitated by H Cl; the mother liquor was syphoned off, and the 
residue washed once with distilled water. The HCl necessarily yet 
contained in the precipitate was disregarded, as not interfering with 
future operations. ‘The pulpy deposit was put into a flask, and a solu- 
tion of 5 grams. crystallised soda hydrate added. The precipitate dis- 
appeared on agitation, forming first a gelatinous, later a fluid solution, 
similar to the filtered kephaline solution. The solution was now placed 
in a bath and heated gently for nine hours. During the process it was 
observed that skins formed on the surface similar to membranes on milk 
while being heated (? May such a phenomenon have given rise to the 
surmise that the yolk of egg contained ‘‘caseine” ?) On cooling the 
liquid formed a gelatinous cake, consisting of viscous curds set in a 
thinner fluid. Next day the mixture was boiled during nine hours on 
a sand bath. Bumping was mitigated by dropping a spiral of platinum 
into the fluid. Great frothing ensued, which was opposed by a funnel 
fixed upon the top of the flask by a cork. ‘The funnel was supported by a 
stand to prevent its breaking the flask in the event of itself breaking. 
(Eventually both funnel and flask cracked, the latter at the base of the 
neck.) After this boiling the liquid was still turbid, became gelatinous, 
viscid, and set on cooling, and covered by a membrane, and was sup- 
posed to be decomposed. On commotion it showed the wavy glistening 
appearance of soaps, and when at repose in a beaker formed folds as 
from a tubular membrane sinking. 


Reactions of the Soapy Solution and Mixture.—It was insoluble in 
water, and not further precipitated thereby. It was curdled by cold 
alcohol, dissolved by hot, leaving, however, some particles undissolved, 
which proved soluble in ether. 
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Not precipitated by concentrated sodium chloride solution, z.e., not on the chemical 
salted out. Acetic acid added to this last sodium mixture causes Constitution of 
curdJing, and on boiling the curds collect on the top without fusing. oe Brainy 
Cousequently, none of the known fatty acids are present in any quantity. 
Ether added to this solution readily dissolves the whole of the precipi- 
tate. Acetic acid alone, without any Na Cl added to original solution, 
produces a flocculent precipitate, which cannot be filtered clear, and 
when half filtered clogs the paper. From this mixture the precipitate 
can apparently not readily be extracted by ether. The watery fluid 
remains turbid, and the ether colourless. Hydrochloric acid causes an 
immediate curdy precipitate in the soapy mixture ; on boiling the pre- 
cipitate does not fuse or coalesce, although it contracts it remains flaky. 
Some of the precipitate was shaken up with cold absolute alcohol, when 
much of it readily dissolved, and the filtered solution gave pulverulent pre- 
cipitates with baryta water, and lead acetate. ‘The entire quantity of the 
soap was now treated with hydrochloric acid, until a strongly acid reaction 
was attained, when a whitish yellow precipitate fell, and the fluid lost 
its viscosity. Filtration through Swedish paper was effected ; the pre- 
cipitate on filter was washed with water, and the filtrate was evaporated 
on water bath. 


1. Lhe Precipitate of Fatty Acids on the Filter was washed, and the acids. 
became very adhesive yet fatty; boiled in water it did not fuse, but 
agelutinised a little; nothing like oil or fused fatty acid appeared. 
Warmed on paper it did not fuse like fat, and gave only a very slight 
grease stain; most of it remained slightly glistening on the surface, 
even when heated until brown. The matter had a fine, smooth, greasy 
touch between the fingers, and seemed like a fatty acid in a hydrated 
swelled state. It dissolved easily in cold absolute alcohol, leaving a 
quantity of adhesive dark matter undissolved. As it was treated on 
the filter, two litres of absolute alcohol were requisite to take up all 
soluble matters. 


2. The Acids soluble in Alcohol.—The solution showed a feeble green , 3. .juple'in 
fluorescence ; it was filtered from a slight secondary deposit of insoluble alcohol. 
ucid. Alcoholic acetate of lead was now added, which produced a bulky 
nearly white precipitate. This was washed with absolute alcohol, 
drained on paper, dried, and treated with ether. It was entirely 
insoluble in ether, and constitutes 

a. Kephalophosphate of lead, so named from being a phosphorized Kephalophos- 
acid obtained from kephaline, more complicated than glycerophosphoric : 
acid. The total quantity of salt obtained weighed 6:2 grms. Powdered 
and dried at 95° C, it baked together a little on surface, but when stirred 
remained pulverulent. 


Determination of Lead.—-0°6534 grm. carefully ignited, during which 
salt swelled much, became black, and evolved inflammable gases, left 
0:2214 grm. white residue, apparently free from oxyde and metallic 
lead, and insoluble in acetic acid ; soluble in nitric acid, and containing 
phosphoric acid. This acid is, therefore, a compound of glycero- 
phosphoric and another acid, and would, perhaps, by continued 
chemolysis with excess of free alkali, split up into those acids. The 
pyrophosphate found corresponds to 0°1558 grm., lead equal to 
23°84°/. Pb in the salt. This leads to 661 as the atomic weight of the 
new acid (H, not added), and deducting 172 for supposed glycero-. 
phosphoric acid, to 489 as atomic weight of additional organic body. 

C and H Determinations.—Substance dried at 80°C. 0:4144 grm. 
gave 0°7330 grm, C O2 = 48°262 °/, C, and 0°2990 grm. H,O = 
T70 ° |. He 4 | | 
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A combustion for nitrogen gave only a trace of permanent gas, so 
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Found in 100, —- by At. Wets =- by P =1. 

© "48° 262 a 30”O 

H 7:°990 7°990 10°% 

Pb 23°840 O°? 1°01 

- 8° 572 0°11389 1:00 

- 16°350 1°02] 8°96 
100:°000 


oe Oe 


leading to formula C3; Hy») Pb P Oy. 


Deducting the lead, and calculating the 76°16 °/, of organic matter 
23 109, we get— 


++ by At. Wets. — by Pas 1. At. Wets. 


C 63°369 5.2807 34°9 420 
H 10°491 10°4910 69°3 + 2 72 
P  4°691 0°1512 0 ol 
O 21°449 1°3405 8°8 144 

1080°000 667 











The atomic weight derived from the Pb pyrophosphate is 663, which 
closely approximates the quantity found directly. 

The conclusion drawn from this experience was, that chemolysis, with 
an amount of alkali insufficient to satisfy at least three molecules of 
acid, developed from one molecule of kephaline, must stop short of 
complete decomposition, and produce intermediate products, of which 
the principal one is kephalophosphoric acid. It is probably an acid 
containing three acid nuclei : 


mn er RS 


Kephalic 


Oxykephalic \ Gly cerophosphoric =Kephalophosphoric, 


But no nitrogenised nucleus, and by further chemolysis may split up 
into the acids obtained by its side. 


b. The Alcoholic Solution, from which kephalophosphate has been 
precipitated by lead acetate, was distilled to about 300¢.c. This liquor, 
on cooling and standing, deposited an oil, which was isolated, and 
found to float on water, but on boiling it became viscous and solid in 
the hot, and the water became white, as if the acid were emulged in it. 
There is, therefore, here no oleic or other fusible fatty acid, but one or 
several new acids, which had not combined with lead in the acid 
solution, as no alkali had been employed to neutralise the acids before 
the addition of the first lead acetate. Oil and liquid were treated with 
ammonia to strong alkalinity, whereby a white emulsive solution was 
produced. ‘To this water and watery acetate of lead were added, until, 
and as long as, a precipitate was produced. This was white, adhesive, 
and bulky. It was filtered, washed, and dried, powdered, dissolved in 
ether, filtered, decomposed with hydrochloric acid and water, the ether 
solution was washed, filtered, and when clear distilled to smadl bulk, 
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The red solution was treated with watery ammonia, filtered, baryum 
chloride added, when a bulky precipitate was obtained. ‘This was 
washed for a long time, until washings were nearly free from baryta, 
the precipitate was dried in air, and treated with ether; a coloured salt 
dissolved, and a white salt remained undissolved. 


a. Coloured salt, soluble in ether = Oxykephalate of baryum. 


The oxykephalate of baryum dissolves rapidly and abundantly in 
ether, and is precipitated from this solution by absolute alcohol. It is 
_ always of a dark colour, which intensifies in the ether, probably by 
oxydation. The salt is insoluble, or but little soluble, in boiling 
alcohol, and is not deposited from this solution in crystals as oleate of 
baryum is. The name of the acid is taken from the fact that while 
similar in composition to kephalic acid, it contains more oxygen than 
that acid. It cannot be decolorised by animal charcoal, either when in 
the state of sodium salt, or when in the free state dissolved in boiling 
alcohol, and all operations seem only to assist in furthering its oxyda- 
tion. It seems that its radical, while in the kephaline, is the principal 
cause of the assumption of colour and fluorescence by that principle. 


8. White salt, insoluble in ether = Kephalate of baryum. 


The kephalate of baryum appears very much swelled in ether; when 
dry it is white and pulverulent. Hydrochlorie acid and water extract 
the baryum, and washing with water leaves the acid soluble in ether; 
the ether distilled off leaves the acid as a coloured soft mass, which fuses 
at 26°, congeals at 25°, and crystallises in rosettes like margaric acid. 
It dissolves easily in absolute alcohol, forming colourless fluid; a few 
drops of water added to alcohol cause acid to separate as an oil on top 
of spirit ; on standing, rosettes of crystals, colourless, form in this oil, 
and may be separated. The spirit deposits white clouds of the acid. 

This acid differs from oleic by its baryum salt being entirely insoluble 
in boiling alcohol. It is not fluid at ordinary temperatures, but semi- 
solid, and fuses only at 26°, and from concentrated spirit it is entirely 
separated and ecrystallises, while oleic acid remains dissolved in such 
spirit, and does not crystallise at such temperatures. 

In the manipulation of these acids in the presence of absolute alcohol 
the formation of ethylic ethers, which easily ensues, has to be carefully 
avoided. 

3. The Acid insoluble in Alcohol.—On exposure to the air it assumed 
a very dark colour, apparently from attraction of oxygen or moisture. 
The whole easily dissolved in ether; the solution had a dark red 
colour, and exhibited a powerful green fluorescence. Addition of two 
or three volumes of absolute alcohol produced a slight opalescence, but 
no precipitate, which seems to exclude kephaline. This was further 
confirmed by the fact that lead acetate produced no precipitate in the 
mixture, consequently the lead salt, if any be formed, is soluble in 
ether, as well as ether alcohol, in which latter lead-kephaline is 
insoluble. 

The whole of the acid was dissolved in ether, neutralised with 
ammonia, Ba Cl, added, and the mixture shaken; it was washed with 
water, filtered from a small quantity of insoluble precipitate, ard the 
solution mixed with an equal volume of alcohol. A baryum salt was 
precipitated, but imperfectly, and the precipitate was isolated and. dried. 
Tt was small in quantity, much coloured, and was not analysed. It is 
probably an intermediate product of chemolysis. 

4. The Acid Filtrate containing that phosphorus which was not 
combined with the kephalophosphoric acid, in the form of glycero-phos- 
phoric acid; some nitrogen in an unknown form; the sodium chloride 
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together with some free hydrochloric acid, was evaporated to a low bulk | 
and its acidity carefully neutralised by caustic soda. Acetate of lead 
was now added as long as a precipitate was produced, and the white 
deposit was filtered off. It was boiled, filtered, and washed with hot 
water, decomposed with H,8%, the filtrate neutralised with calcic 
carbonate and lime water, filtered and evaporated. When concentrated | 
the solution deposited crystalline calcium glycerophosphate. 

5. The solution from which glycerophosphoric acid had thus been 
removed was freed from lead by H, 8, the acetate was decomposed by 
repeated addition of hydrochloric acid, and evaporation to dryness, and 
the crystalline magma was treated with absolute alcohol to extract the 
hydrochlorate of the expected nitrogenised body. ‘To this alcoholic 
solution Pt Cl, was added, when a slight yellow precipitate ensued, 
which was separated by filtration, washed with alcohol, dried. It 
could only represent a small portion of the nitrogen contained in the 
chemolysed kephaline ; as the volatilised vapours had not been collected 
some volatile alkali may have escaped unnoticed. The alcoholic mother 
liquor of this platinum precipitate, was freed from platinum by H,%. 
Iivaporated, it left a syrupy residue, this was again treated with little 
alcohol and PtCl, and a slight deposit removed. ‘The liquor on 
addition of much ether deposited an oily body, soluble in absolute 
alcohol re-precipitated by ether. Distilied’ with dilute H,S O, and 
Mn O,., it gave a distillate which smelled of acetic acid, and after 
neutralisation by soda, was reduced by Ag N Og and by Hg N Os, conse- 
quently contained formic acid. ‘These may be considered as decom- 
position products of glycerine, or of a body containing wés radical. 

Summary of Results of first Chemolysis of Kephaline.—All first pro- 
ducts are soluble, the soaps imperfectly, in water. Hydrochloric acid 
precipitates a mixture of four fatty acids. 


1. Kepbalophosphoric acid, consisting probably of kephalic, oxy- 
kephalic, and glycerophosphorie acid, yet in combination, therefore 
imperfectly chemolysed. 

2. Kephalic acid. 

. Oxykephalic acid. 

. Acid insoluble in alcohol (small quantity). 

. Glycerophosphorie acid. 

Ammonia, 

. Glycerine. 

. A base giving oily Pt Cl, salt, and being perhaps glyceramine 
of a new type. It is most difficult to deal with, as its solubility in 
water, alcohol, as hydrochlorate and as Pt Cl, salt is very great, and its 
precipitation by ether by no means complete. 


Chemolysis of Kephaline, second Experiment by Soda.—40°7 grms. 
of pure kephaline, purified by the water solution, filtration and H Cl 
process as before described, were mixed with 5 grms. of crystalline soda 
hydrate dissolved in 2 litres of water. The same phenomenon was ob- 
served during the boiling as in the first experiment. The boiling was 
continued during about 18 hours, of which 3 hours took place in water 
bath, and the other 15 hours on sand bath, the time taken to heat it to 
boiling on the three days during which experiment lasted not included. 
While on the first and second day the mixture had set into a jelly, it 
did after the last boiling not become gelatinous again, but remained a 
somewhat turbid thick fluid. To this H Cl was added until the pre- 
cipitate was curdy and the fluid strongly acid. The precipitate was 
separated by the filter. It could be washed but imperfectls, as after 
consolidation on the filter, the precipitate set into a gelatinous tremulous 
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solid imass, which allowed no washing water to pass. This mass of App. No.5. 
acids was placed into a wide-mouthed bottle, shaken with water and oy the Chemical 
treated with caustic ammonia. It formed a complete solution, which ha alee of 
was filtered on hot funnel and left no trace of residue. The solution py. Thudichum. 
was opaque, and on agitation showed the silky clouds common to soaps. 4 ,.tate of lead 
To this solution acetate of lead was added until the precipitate was precipitate. 
curdy, and the liquid distinct and filterable. It was now passed through hia and 
french filtering paper, and the precipitate washed with much water, 
being agitated “constantly with a glass rod, so that all parts were well 
penetrated by water. When the “filtrate was free from chlorine and 
from lead (from excess of acetate), the precipitate was allowed to drain 
on paper and a cloth and dried. It took many days to dry, being 
frequently crushed and stirred. 
Ether extracted a colored body, and left a white salt insoluble. ‘This Ether extraction. 
was separated by filtration, and washed by being twice removed from 
filter, and shaken in a bottle with ether. [Filtration was always 
difficult owing to the finely divided state of the salt. 
The white Pb salt insoluble in ether was dried in the vacuum, and White salt in- 
yielded, on preliminary analysis, results which showed it to be impure, *°Uble in ether. 
It was further transformed into baryum salt by H Cl, water, and 
ether, solution of acid in N H, H O, and precipitation by Ba Cl,. The 
salt was extracted by boiling alcohol, and what remained insoluble was 
reserved for analysis. 
The coloured Pb Salt soluble in Ether was red in transmitted light, and. Salt soluble in 
fluoresced green, altogether appeared like a solution of kephaline. It ean 
was concentrated by distillation, and the solution precipitated by 
absolute alcohol; a viscous salt fell down, which became hard in 
alcohol, was drained and dried in vacuo. After preliminary testing, it 
was transformed into Ba salt by H Cl, water and ether ; solution of acid 
in NH,HO and precipitation with BaCl,; solution in ether and 
precipitation by alcohol. ; 
These salts, therefore, correspond to the kephalate and oxyhephalate Traustormed into 
. ; 6 aryum salt. 
of the first chemolysis. Their further study is reserved for future 5.14 water 
opportunities. added. 
Treatment of the Filtrate containing Glycerophosphoric Acid and Wad chloride 
Ammonium Base.—It was neutralised with baryta water, the excess of #44 
reaction being allowed towards alkalinity. A pure saturated solution 
of lead chloride in water was now added, which produced a flocculent 
white precipitate of glycerophosphate. The advantages of the lead 
chloride were, that no new acid was introduced into the fluid, from 
which the ammonium base had yet to be extracted. The fluid became 
slightly acid, and was corrected by baryta water cautiously added. 
When all was precipitated the glycerophosphate of lead was filtered off, Giycerophos- 
washed, and dried. The mother liquor was concentrated, and then gave Piale ee 
another not inconsiderable precipitate with lead chloride solution. ‘The 
reaction was continued until a filtered sample of liquid remained clear 
with the chloride, and the second precipitate was isolated and united 
with the primary one. The previously feebly alkaline liquid was now jjgquid evapo: 
feebly acid ; it was evaporated to a low bulk and then to dryness. It rated and eX 
was now dissolved in a minimum of water, and precipitated with abso- ln ae, 
lute alcohol, until this reagent produced no further turbidity and no 
deposit on standing 12 hours: The alcoholic extracts were united, pt ci precipi- 
concentrated, and precipitated with Pt Cl, A yellow precipitate fell, tate. 
which will be described further on. The matter insoluble in alcohol 
(NaCl, BaCl, and some undefined organic matter), re-dissolved in 
water, and again treated with Pb Cl, alain gave a third precipitate Third precipitate 


of elycerophosphate, which was added to the other quantities. This Oioneee 
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process shows how difficult it is to remove completely glycerophosphoric 
acid from these solutions. They require repeated concentration and 
neutralisation, and whatever the lead salt employed the supposed insolu- 
bility of the glycerophosphate of lead is not sufficiently great in these 
fluids to cause the whole of it to fall down. 

The glycerophosphate of lead dried to a hard slightly colored mass. 
(This hardening of glycerophosphates is also observed upon baryum 
salt, and the condition must be borne in mind when it is subsequently 
intended to decompose there salts.) It was repeatedly crushed, ultimately 
powdered and dried in water oven. The total weighed 7°4435 grm. 
Now assuming the 40°7 gms. kephaline to have contained (at 4°2°/, P) 
1:7 grm. phosphorus, then this corresponds to 19°88 grms. glycero- 
phosphate of lead, of which theory is :— 











Acid. Pb salt. Pb pyrophosphate. 
3C 36 36 — 
‘9H .9 7 aos 
Piso 3] 2P 62 
60 96 96 70 112 
172 Pb 207 2 Pb 414 
377 } 588 


But as only 7:4485 germs. were obtained there is a deficiency of 
11°9865 grms. 

In order to ascertain approximately the purity of the lead glycero: 
phosphate, 0°9110 grm. was burned until white, and left 0-7440 grm.. 
Pb, P29, while theory required 0°7104. The white residue was 
treated with acetic acid and found insoluble in it, which corresponds 
with pyrophosphate. 

The lead salt was now decomposed with hydrothion, the filtrate 
treated with C O, in the cold to expel H, S, and then with milk of lime 
to alkalinity, filtered and treated with some CO,. The filtrate after 12 
hours standing was evaporated near the boiling point, and filtered hot - 
from the white precipitate of calcic glycerophosphate. This when dry 
weighed only 0°727 grm. Of this 0°3400, after strong ignition with 
HNO,, left 0°207 grm. residue, equal to 60°8 °/ Cag P,O, Pure 
glycerophosphate should leave 60°5°/, of pyrophosphate. 

Acid Glycerophosphate of Calcium.—The aqueous filtrate from which 
the above salt had been removed whilst hot, was mixed with three 
volumes of alcohol, when a light bulky precipitate ensued. This was 
isolated by filtration, washed with alcohol and dried. It weighed 
0°526 grm. Of this 0°2446 grm. gave 0°1250 grm. pyrophosphate, 
equal to 51°1 °/, residue. This corresponds to a salt which might 
be obtained from acid glycerophosphate of cuales by combustion. 

C, H, CaP O, 
Cz Hy P Og 








Ce Hyg Ca P2 Oy = acid glycerophosphate of calcium, 
This on combustion may lose— 


C, Hy O;, and leave 


os 








H, CaP, O,, or half gaturated acid pyrophosphate of 
calcium, or a body isomeric with it. By this theory 51°4 °/, residue 
should be left,which differs but little from 51°1 °/, found. 
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The quantity of glycerophosphoric acid lost in the process of trans- 
formation is enormous, and this is invariably observed in all experi- 
ments which I have made. This experience, and that of the hardening 
of the lead salt from brain matters, which is not observed upon synthe- 
tically prepared lead salt, and the peculiar hardening and fusion of the 
baryta salt from brain, which reminds of the bearing of kryptophanates 
and paraphanates from urine, and kreatylates from flesh, call for a 
renewed study of this acid. 

The Platinic Chloride Precipitate.—The yellow precipitate was 
washed with absolute alcohol. On drying it became horny, crumbled 
up, was viscous outside and discoloured, and adhered strongly to the 
paper. Water restored yellow colour and pulverulence. It dissolved 
in hot water, of which much was required, On cooling brilliant small 
crystals were deposited, amounting to 0'9428 grm. This by analysis 
proved to be almost pure ammonium salt, coataining only a trace of 
potassium, which raised the residue left on combustion to 45°56 °/., 
while 44°36 °/, are required by pure N Hy salt. By evaporation over 
Hy, S O, two further small crops of ammonium salt were obtained; the 
rest of the solution dried up to a thick liquid and did not crystallise. 

The filtrate from the Pt Cl, salt was mixed with a large excess of 
ether until this produced no further turbidity. An oily matter settled, 
which was purified by repeated solution in alcohol and precipitation by 
ether. It was not analysed, as there were no guarantees of its freedom 
from free glycerine. It was distilled with H,S O, and Mn O,, and 
yielded an acid distillate, in which, after neutralisation with soda, the 
presence of formic acid was signalised by the usual tests. 

This platinum salt which from the reactions detailed may split up into 
glycerine and ammonia, reduces the platinum rapidly when left in con- 
tact with ether alcohol, and becomes black. Altogether this product is 
one of the most difficult matters to treat, and particularly as it is only 
obtained in small quantities. 

Lhird Chemolysis of Kephaline, with Baryta Hydrate.— The 
kephaline was prepared by the HCl process and well washed with 
water. The quantity used was 27:8 grms. It was placed in a flask 
connected with a condenser, and a solution containing 80 grms. 
Ba H, O., 10H,O was added. The mixture was boiled during five 
hours on a sand bath, when the precipitate became adhesive and flask 
cracked. After cooling and filtering the residue was twice boiled with 
water, during which it became quite soft and semifluid ; it was again 
thrown on a filter and washed to neutrality. The washings were 
united with first filtrate. 

The baryum salts being drained of water were rubbed in a mortar 
with ether, and then shaken in a bottle with much ether. The ether 
dissoived a colored salt, leaving a white salt undissolved, from which 
solution was separated by filtration. 

The insoluble white salt was dried in air; later in vacuo. It had 
the appearance of kephalate, and was reserved for future analysis. 

The soluble colored salé had the appearance of oxykephalate, was red 
and fluoresced green. Solution was concentrated and precipitated by 
absolute alcohol. ‘The precipitate was dried in vacuo and reserved for 
future analysis. 

The liquid containing the glycerophosphate and expected ammonium 
base was treated with carbonic acid until no more precipitate was pro- 
duced, filtered, and filtrate concentrated on a water bath nearly to dryness. 
During this evaporation it did not deposit any salt, as does lime salt. 
The viscous mass was diluted with a little water to fluidity, placed in 
a bottle, and mixed with absolute alcohol until no further precipi- 
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tate was produced. The precipitate was filtered off and washed with 


On iheWhensienl alcohol. 
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Alcoholie 
solution. 


Last mother 
liquor, 


The precipitate consisted of baryum glycerophosphate. It was 
bulky, white, and granular, probably alcoholate-hydrate. On standing, 
it contracted, and became horny, transparent, and partly fused. Placed 
in a glass dish, it fused entirely in a few days, and then dried toa 
brittle mass. 


Summary of Analyses. 


C 12°611 
H 2:933 
Ba 40° 950 
i 9°266 
O 84: 240 

100:000 





eo 


Formula.—C,; H, Ba P Og, Hy O. 


The alcoholic solution from which the glycerophosphate had been 
removed was distilled to near dryness, and placed in a vacuum to 
erystallise. A few rosettes of crystals formed, the rest remained 
syrupy and alkaline. ‘The crystals were white rhombic, spear-shaped, 
under microscope. In sublimation tube, they blackened, did not sub- 
limate at all, fused, gave only stinking distillates, which were heavy, 
and did not erystallise at all (against sarkosine and alanine). The 
solution in water has a slightly acid reaction, so they are not solutions 
of an alkaloid or an ammonium base. Quantity too small for further 
study. 

The mother liquor, evaporated to a syrup, gave a few secondary 
crystals, too minute for isolation. The strongly alkaline syrup was 
soluble in water, less in alcohol, insoluble in ether. H,S Oy, HN Os, 
and HCl acids gave no precipitates in it. Acetate of lead gave 
a strong precipitate. Hg Cl., cold saturated solution, gave a strong pre- 
cipitate. Phospho-molybdic acid gave a slight precipitate. Pt Cl, and 
a little HCl gave a strong precipitate, which became adhesive and 
fused in air. Ether gave a strong precipitate in absolute alcohol 
solution. This was isolated, dissolved in absolute alcohol by the aid 
of heat, when a portion became insoluble, filtered and precipitated by 
much ether. Red fluid, oily body, becomes crystalline, on standing, in 
parts, reduced and brown in others. When isolated, is not entirely 
soluble in alcohol, therefore changes without intermission. 

Kephaline and Lead—The following preparation was made from a 
specimen which had not undergone the purifying process with water, 
filtration, and hydrochloric acid. It may, therefore, have contained 
some of the kephaline as ammonium salt. It had been thrice precipi- 
tated from ether by alcohol, and when last dissolved in ether, had 
stood during 24 hours in ice, to deposit the last traces of cerebrine. 

Analyses (1.) 0°4622 grm., dried in vacuo, and ultimately at 90° 
to 92° until constant, gave 1°0086 grm. C O, = 0°27507 germ. C, or 
59°51°/, carbon, and 0°3877 grm, HzO = 0:04807 grm., or 9°31°/, 
hydrogen. : 

(2.) 0°3748 grm. gave 9‘ 1c.c. N at 17°5° C., and 766 m.m. B., which, 
with corrections for potash column of 216 m.m. of 1°3 sp. gr., and 
other corrections, leads to 2°7 °/, nitrogen. 

(3.) 0°6125 grm.. fused with soda, nitre, and carbonate, &c., gave 
phosphate of magnesium = to 0'0223 P, or 3:'64°/, phosphorus. 
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Summary of Analysis of Free Kephaline— 








-- by At. Wets. Pas 1. P=3s, 
GC 59°51 4* 96 42 127 — 
Free Car gy 9. 3] 79 238 
N 2-73 0-195 1°6 4°98 
Pp 3°64 0-117 1 3 
O- 4 24°81 1+550 13 39°17 
100°00 | 





It will thus be seen that all the elements are in proportions required 
by pure kephaline, except the nitrogen, which is six tenths of an atom 
too high, or amounts to nearly five atoms, if three atoms of phosphorus 
are assumed. J do not admit any analytical fault, where it cannot be 
proved, simply because the results are anomalous. They must, there- 
fore, be dealt with as such, and explained on the basis of the facts, 
Now, if as above surmised, any ammonia had been contained in the 
salt, two-thirds of the kephaline must have been so combined. Or 
if, as is probable from analogy with myeline, there are kephalines 
containing amidated acids, as proximate conjugated compounds, which 
amidated acids have also now and then been found in the chemolyses 
of kephaline, then it might be supposed that out of six fatty acid 
radicles in two molecules of kephaline, two fatty acid radicles were 
amidated, a condition represented by the following diagram, in which 
R signifies radical and the apposed letter P “ containing phosphorus,” 
and N “ containing nitrogen ”— 








| a R N 

| RP DED en Se | 
| RP RN | 
Ai gle SiE ties = Gai ee oop lee 
| el oe eae eee poe | 
ear a ae Pe me ee. ml 


But the question is less foreclosed if the facts are expressed by the 
formula— 


Ca HsoNaP Os) _ 
C4. Hy nN EP O13 =Cipg¢ Ho39 N; P; Og9 
Cy Hg No 13 
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The preparation was proved to be free from sulphur by special No sulphur. 
analysis. Some anomalies in details evidently do not yield to either ee 


hypothesis. The specimen of kephaline was therefore. again frozen in 
ether, and deposited a vestige of white matter; the clear solution was 
then poured into absolute alcohol containing lead acetate; the precipi- 
tate was filtered, washed, suspended in absolute alcohol, warmed to 
45° to 50°, filtered hot, to extract possible traces of cerebrine and 
soluble matters. No deposit occurred in this alcohol on cooling. The 
lead salt was dried in vacuo, powdered, and found highly electric; it 
was suspended in and extracted with ether. 


ja 
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Analyses (1.) 0°4817 grm. gave 0°7797 grm. CO,, equal to 


On the Chemical 44°144°/, C; and 0°2854 grm. H, O, equal to 6°5839/, H. 


Constitution of 
the Brain, by 
Dr. Thudichum. 


Computation of 
results, 


(2.) 0°4326 grm. gave 4°25c.c. equal to 3°73 c.c. normal=to 1°07 °/o 
N. 

(3.) The Pb and P were determined by fusing a portion of salt in 
soda and nitre mixture, dissolving in H N Oz, and determining lead as 
sulphide, and phosphorus as Mg» Pp, O,. 

0:9682 grm. dried at 100° gave 0°3115 grm. Pb S equal to 27°86 °/, 
Pb. 

The filtrate from PbS yielded 0°1030 Mg, P, O,, equal to 2°97 °/, 
hig 

(4.) 0°8018 grm. gave 0°2544 grm, PbS, equal to 27°49 °/, Pb. 
This, tested with HNO, and H,S O, and ignited, left 0°3062 grm. 
PbSO, = to 26:10 °/, Pb. The filtrate from PbS yielded 
0:09 Mg, P, O, = to 8°09 °/, P. 

(5.) A third Pb determination by burning with H,SQ,4, and ex- 
tracting phosphoric acid, gave 26°54 °/, Pb. 


Summary of Analyses— 





C 44°14 
H 6°5838 
N 1:07 
Ph 27°86 27°49 26°10: 26°54 Mean = 36°99 
P 2:97 3°09 Mean = 3°03 
18°25 
100:00 





Calculation shows that in this compound the lead does not stand in 
any steechiometric relations to any one element. It is in excess by 
about one-fourth over the quantity it should be if one atom of kepha- 
line were combined with one atom of lead. Deducting the lead, and 
calculating the organic matter, 7.e., 73°01 as 100 we get— 








‘K in Pb salt. Free K before. Pure K gives. Theory requires, 
C 60°35 59°51 60°00 60°28 
H Sr} 9°31 9°39 9°44 
N 1°46 2°73 1°68 1:67 
Sd 4°06 3°64 4°27 3°70 
O 25°02 24°81 24°66 24°88 








100° 00 100-00 








The ether and lead treatment, the combination and purification 
thereby effected has therefore brought this kephaline much nearer to 
the composition of the purest. The nitrogen has fallen below the 
per-centage required, the phosphorus has risen a little. There if, 
therefore, advantage in combining kephaline with lead, with a view so 
again decomposing it, and thus purify the substance. But the ad- 
vantage is probably less than that obtained by the water and hydro- 
chloric acid treatment. Moreover, the treatment is expensive in sub- 
stance and ether, and the compound is not in atomic proportions, but 
tends to be basic. We shall, lower down, meet with a compound of 
oxykephaline with lead, which actually seems to be a tetrabasic fully 
saturated compound. Probably, further experiments on the combina- 
tion of kephaline with lead may teach the conditions under which it 
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will combine with this element in atomic proportions. It has this ad- 
vantage over other bases, that it is less soluble in water, and therefore 
not liable to be deranged by moisture after being once combined with 
kephaline. 

Oaykephaline with cadmic chloride, C4, Hz N P Oy4, Cd Cl,.— When 
the white matter (Ox) has been extracted with ether and the kephaline 
removed from the ether solution by precipitation with absolute alcohol, 
there remains a bulky solution containing all lecithine (?), much mye- 
line and some kephaline, together with the cholesterine previously con- 
tained in the white matter. When to this solution Cd Cl, is added a 
voluminous precipitate ensues, which, after washing, yields to ether a 
quantity of coloured salt. This after concentration is precipitated by 
aleohol, and purified by repetition of this treatment. It was of interest 
to know the composition of this precipitate. (‘The composition of the 
insoluble precipitate is given under myeline and lecithine.) 

Analyses—( 1) 0°4547 grm. dried at 80° gave 0° 8025 grm. C Oz, equal 
to 48°12 °/, C, and 0°309 grm. H, O=to 7°55 °/, H. 

(2) 0-5356 grm. gave 7e.c. N at 22°C. and 764 m.m. B. KHO column 
=22:4 mm. Hg; equal to 6'J5e.c. N normal, or 1°48 °/, N. 

(3) 0°9042 erm. fused with seda, nitre, and carbonate gave 
0°2708 grm. AgCl equal to 7°40 °/, Cl (these require to form 
Cd Cl, 11°66 Cd); and 0°1102 Cd O=11°65 °/, Cd; and further 
0°1142 Mg, P, O, equal to 3°524 °/, P. 











In 100 of 
Per cents. found. -- by At. Wts. --Cd.as1. organic matter. 
C 48°12 4-O1 42°21 58°71 
1s ee eat l 7°55 79°47 “O271 
N 1°48 81°95 0°102 1:07 1°74 
P 3-524 | - 0-118 1-18 4°30 
Q 21°33 1°33 14°00 26°02 
Cd 10°63 18°05 0° 095 1.00 es, 
Cl 7:40 0; 208 2°18 








100°004  100°00 


leading to formula Cy Hyg N P Oy, Cd Clg. 
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This compound is noteworthy on account of two features, viz.: that Peculiar features 
it coincides with the composition of the theoretical CdCl, salt of of thssalt, 


kephaline, plus one atom of oxygen, and that the Cd Cl, is a complete 
molecule, combined with an apparently complete molecule of organic 
matter. Such compounds as this and the ones to be described hereafter 
with 15 atoms of oxygen, make one regret that there are no means of 
determining oxygen directly in organic chemistry. The oxygen is 
estimated by the void left by the substances determined, and _ this 
gives an opportunity for small impurities to be summed up under the 
guise of this element. Now the substance here considered had not 
‘undergone the process of purification by water, filtration, and acid, and 
it may therefore have been kepbaline to which some slight impurity 
was attached. On the other hand there is no proof of the existence of 
such impurity and none could be found by testing. It is therefore 
necessary to consider this substance as a genuine compound of a 
kephaline containing an atom of O more than the normal kephaline, to 
which it will be convenient to apply the term oayhephaline. In any 
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case the isolation of this body from the mother liquor of kephaline by 
the ether process, by means of CdCl, is of sufficient importance in 
itself, no matter how the question of the atom of oxygen may nltanaioly 
be decided by further research. 


Behaviour of a similar Salt with Water.—A portion of a salt similarly 
obtained, though not analysed, was digested with water, whereupon it 
began to swell, and the water after filtration was found to contain large 
quantities of CdCl, proved expressly by the hydrothion and silver 
tests. When the extraction with water had been continued for some 
time filtration was effected, when during washing, the body swelled to 
such an extent as to clog the filter. There was therefore no guarantee 
of its purity from CdCl,, except that it began to dissolve in water. 
The experiment proves that by simple digestion with water much 
Cd Cl, is extracted, but probably the entire amount can only be removed 
by along process of dialysis. 'The results of experiments bearing in that 
direction will be described on a future occasion. Here it may be stated. 
that the kephaline compounds are dialysed without a diaphragm, their 
own substance acting as dialysor in contact with water ; the diaphragm 
is only wanted to keep them from dissolving. ‘The compound cannot 
be freed from cadmium by H,S, as when so treated in ether solution, 
it only assumes a yellow colour, and the CdS remains dissolved. This 
peculiar bearing of many phosphorised compounds will also be fully 
described lower down, ‘These, in themselves, highly remarkable pecu- 
liarities, throw many difficulties into the way of the extraction of the 
organic matter from the CdCl, precipitates, which are on the other 
hand so convenient for the removal of the organic matter from a highly 
complex mixture. 


Peroxykephaline Cyg Hyg N P Oj. 

A quantity of kephaline, which is described in my notes as having 
been obtained after frosting the ether solution and precipitating it by 
absolute alcohol, was subjected to elementary analysis, without having 
undergone the water filtration and HCl process. 


Analyses.—(1) 0'4206 grm. dried at 80° C gave 0°8906 erm. C O, 
equal to 57°750 °/, C; and 0°3370 grm. H, O equal to 8°902 °/, H 

(2) 0°6160 grm. gave 8° 9c.c. gas at 761 m.m. and 25 m.m. Hg potash 
column, equal to 7°75c.c. normal or 1°573 °/, N 

(3) 0: 8190 erm. fused with caustic soda mixture, &e, gave 0'1080 
Mg; P2 Q,, equal to 3°68 "7 F: 





Summary— 
In 100° -—- by At. Wits. -- by N=1. 
C 57:750 4°8125 42°85 
H.....8° 902 8° 9020 79°26 
Nod 878 0°1128 1°00 
P. 3:°680 0°1187 1°05 
O 28:095 1-7560 15°63 


Leading to formula C4, Hy) N P Oy; ; At. W. = 868. ? 


Transformation of this Body into lead Salt. —About 10 erms. of the 
analysed substance were dissolved in ether, and to this solution a warm 
solution of alcoholic lead acetate was added. A viscous precipitate was 
produced, which settled in a mass. The lead acetate was not used in 
excess, the addition being discontinued while there was still a little 


~ matter in solution admitting of precipitation. ‘The mother liquor was 


Tusoluble part. 


poured off, the mass of the precipitate was stirred and rinsed with a 
little ether first, and afterwards with absolute alcohol, The precipitate 
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was now digested with a quantity of ether, which dissolved much and = Apr. No.5, 
left a portion undissolved. The insoluble part had a more gelatinous On the Chemical 
appearance than the original whole, and was disregarded. The solution fonstitution of 
was filtered off and precipitated by absolute alcohol, the precipitate was Dr. Thudichum, 


washed four or five times with absolute alcohol, dried and analysed. 


Analyses of the Salt soluble in Ether.—(1) 0°830 grm. dried at Sorc Sear 
- were fused with soda, nitre, and carbonate mixture, the lead precipitated 

by H, 8, and the Pb S transformed into Pb S O, by ignition with H N Og 
and H,SQO,. The Pb § O, weighed 0° 3872 grm. equal to 31°86 °/, 
lead. ‘The portion of salt further gave 0°0808 grm. Mg, P, O, equal 
BOOT Of NP: 

(2) 0°4255 grm. gave 0°5986 grm. C Og, equal to 38°367 °/,C; and 
0:2206 grm Hy, O, equal to 5°760 °/, H. . 

(3) 0°5653 grm. gave 5" le.c. N at 25° © and 764 mm. B. KHO column 
— 22 mm. Hg, equal to 4*41c.c. N normal or 0°9755 °/, N. 











Summary— 
Cus Hi, Pho N P O15 
apo 

°/,, found requires 

C  38°367 39°436 
fi 5° 760 5°868 
N  0:°9755 1°095 
ie 2°70 i 2°425 
O 20°312 18°782 
Pb 31°869 32° 394 
100-000 100-000 














It will be seen by a comparison of the oxygen quantities in the free 
body, with those of the salt, that there is no reason for assuming lead to 
be present as oxyde; on the contrary, the H being less in the organic 
part of the lead salt than in the free body justifies the assumption of a 
substitution of Hy by Pb. 
| 
“Comparison of the Organie Matter in the Lead Salt, with the Com- Comparison of 
position of the Evree Body and of the Organic Matter in a Salt of 
Kephatloidine with Cd Clg, 











°/. found in original °/, found in Cd Clg °/, found in lead 
free peroxykephaline. salt of kephaloidine. salt of peroxykephaline. 
Ces Si-75'—., S701 56°31 
H 8°90 tls dae 8°30 
N Bey i 1°67 1°43 
P 3°68 3°41 3°98 
QO 28°09 ALS 29°81 


The phosphorus, as in nearly all analyses, is found somewhat too high, 
rising in the lead salt to 5 as compared with Nas 4, But on the 
whole, the change by the removal of some insoluble salt is not so great 
as to negative the assumption that the free body, and body contained 
-n the lead salt have essentially the same composition, more particularly 
the proportion of oxygen has not been decreased by the combination, 


Kephaloidine. 


The substance thus designated is much like kephaline as above de- oe. 
scribed, but presents some slight differences, which, though it may be 
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identical in composition with kephaline, imply the necessity of a pre- 
liminary distinction. It is obtained from buttery matter; kephaline 
from white matter; it is more fluid than kephaline when first pre- 
cipitated, and never dries to the same hard brittle substance as kephaline, 
but presents a fused appearance. It presents the same irregularities in 
its combinations as kephaline ; 2 forms oxaykephaloidine, which like 
oxykephaline combines with a molecule of CdCl, forming a pretty 
concise salt. 

Solubility in Water and Filtration—Five grams of dry, hard, but 
viscous kephaloidine were dissolved in 500 c.c. of cold water with tritu- 
ration. 'The substance became mucous at first, and on agitation in a 
long cylinder was disintegrated, and a turbid emulsion-like solution 
resulted. This was passed through the pressure filter, and passed easily 
10 layers of English filtering paper. Next 10 layers of Swedish paper 
were employed, when an entire atmosphere of pressure allowed the 
liquid to pass but slowly. 


Bearing of Kephaloidine in Dialysing Apparatus. 


Kirst Eaperiment.—The foregoing solution after filtration, and sub- 
sequent treatment with animal charcoal, which did not make it clear, 
was distributed over two dialysers of parchment paper in gutta percha 
rings, the one six, the other five inches in diameter, and placed over 
200 and 300 ¢.c. of water respectively. After 24 hours, the water gave 
but slight evidence of containing kephaloidine, by giving a mere vestige 
of precipitate with lead salt, while the original solution gave a very 
copious precipitate. Only a very minute portion of matter therefore 
had passed the diaphragm. 

Second Experiment.—A. solution and emulsion of about 20 grms. of 
kephaloidine in 500 c.c. of water was, without having been filtered, sub- 
jected to dialysis, on three diaphragms. Each diaphragm after 24 hours 
had passed some kephaloidine, but only a very small quantity, as shown 
by the lead precipitate. The original solution on the dialyser gave a 
copious thick precipitate with the same lead salt. It was thus shown 
that a one per cent. solution can hardly be dialysed, while a four per 
cent. solution dialyses a little, but not enough for practical purposes. It 
may rather be expected that kephaline and kephaloidine act in watery 
solution, like colloids, and remain on dyalyser, while allowing the 
crystalloids mixed or combined with them to pass into the pure water. 
IT have shown that they act as dialysors themselves when placed into 
pure water, and yield up the soluble salts or bases or acids with which 
they are combined. Probably dialysis by parchment paper may be found 
effective in completing this process. 


Bearing of the Ether Solution of Kephaloidine with Water. 


The kephaloidine was twice precipitated by alcohol from ether solu- 
tion, and then redissolved in ether. A few drops falling in water are 
precipitated, and on shaking, a turbid emulsion is formed. Boiling 
transforms this into a turbid mucous mass with thick and viscid flakes. 
Hydrochloric acid added to this emulsion causes white curdling, and the 


white flakes can with difficulty be filtered off. The filtrate is white and 


turbid. 

Water, hydrochloric acid, and ether in certain proportions produce a 
thick white jelly ; a little more ether separates oily ether solution, which 
gives no precipitate with alcohol, or in this mixture with Cd Cl, and 


contains therefore Hi Cl. 
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Ether solution mixed with little water becomes a solid white mass; — Avp.No.5. 
more water produces curds, ultimately emulsion and solution, <A jelly oy tne Chemical 
thus produced with ether and much water deposited the ether solution Constitution of 

¥ : wat : crs the Brain, by 
on the surface. This with benzole, gave a white dense precipitate, re- Dr, Thudichum. 
soluble in ether and again precipitated by benzole. Fier colat 

Kephaloidine is easily soluble in benzole; treated with H Cl gas, this and little water. 
solution changes colour, but gives no precipitate; alcohol added to this Kephaloidine in 
gives a little precipitate, soluble in excess; ether gives no precipitate in Pl 
the benzole HCl solution. A solution of kephaloidine in anhydrous 
ether is not precipitated by benzole ; the white dense precipitate de- 
scribed above requires the presence at the same time of water, HCl, 
ether, benzole, and kephaloidine. It seems to be a voluminous and stiff 
emulsion, which lies for days on blotting paper like jelly and ultimately 
dries to a thin film of kephaloidine. 


Reactions of the Watery Solution of Kephatloidine. 


Hydrochloric acid produces a dense slightly yellow precipitate, which, y q, 
after isolation, is soluble in ether and not precipitated by alcohol, In the 
filtrate from this precipitate Pt Cl, produces the merest opacity. But 
in the ethereal solution of H Cl precipitate, alcoholic Pt Cl, produces a 
precipitate soluble in ether and re-precipitated by alcohol. 


Sulphuric acid produces a precipitate like that by H Cl. H?S O.. 
Nitric acid, same as sulphuric. HN Os. 
Baryta water Ba H? 02, 
Lime water All produce good precipitates which coalesce Ca H? 0’, 
Cadmie chloride f well on standing or agitation. Cd Cle. 
Zine chloride “Zn Ch. 


Mercurie nitrate gives a good curdled precipitate insoluble in H N Og, Hg N Os. 
but made slightly yellow thereby. 

Baryum chloride also produces a good flaky precipitate. This body BaCk. 
after isolation is insoluble in water and absolute alcohol, but readily 
soluble in ether. 


Platinic chloride gives a complete precipitate. PtCh. . 

Lead acetate gives a good precipitate. Pb (C2 Hs O2)?. 
Mercurie acetate gives a very voluminous precipitate. Hg (C2 Hs 02)? 
Cupric acetate, a whitish flocculent precipitate. Cu (C2 H¥ 02)?, 


Kephaloidine. Lead—A. specimen of kephaloidine which had been Kephaloidine 
frozen in the ethereal solution, and precipitated by alcohol, was once more ae 
dissolved in ether, and placed in a freezing mixture for 24 hours. No. 
deposit occurred. This ether solution also gave the reactions above 
described, and with silver nitrate its watery solution gave a copious 
white precipitate. ‘The ether solution was poured slowly in a thin 
stream into absolute alcohol, when the kephaloidine was precipitated as 
a viscid mass. The whole of this was dissolved in water, and lead 
acetate added; a copious precipitate ensued which was filtered and 
washed, extracted with warm dilute alcohol, ultimately with warm 
absolute alcohol ; it then dissolved in ether without residue; was pre- 
cipitated by absolute alcohol, became pulverulent, was dried in vacuo 
aud analysed. 


(1.) 0°9871 grm. dried at 70 to 75° C., later at 85° C., fused with Analyses. 
caustic soda mixture, &c. ; lead precipitated as Pb S and converted into 
Pb S O, gave 0°235 grm. Pb 8 Oy equal to 16°26 °/, Pb, and 0°1296 
Mg, P.O, equal to 3°666 °/, P. 


Apr. No. 5. 
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(2.) 0°4579 grm. gave 0°8560 grm. C O, equal to 50°983 °/, C, and 


On the Chemical 0'3182 grm. H, O; equal to 7°721 °/, H. 
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(3.) 0°6394 grm. dried at 100° c. gave 6 cc. N at 22° ¢. and 763 mm. 








Dr. Thudichum. B, KHO column = 21°4 mm. Hg; equal to 5:2 cc. normal, or 
L°O17. 7p, obks 
Summary. In HO) oreo Theory of Cy Hi N P Ox. 
A, u ee —— a 
C  50°983 60-88 60°28 
H  7°721 | otal organic ee Pie 
aie I weet [71 1:67 
peas 85° 740 : ‘ 
P 3° 666 | 4°37 af10 
O 20°353 J 24°32 24°885 


Analyses, 


Pb 16°260 16°260 ———— Madea! S's 
100°00 100° 000 








100°:000 _ 100:000— 


ce 





Tt is at once evident that the Pb stands in no simple proportion to any 
other element. Kephaline lead if dibasic would require 19 °/., if mono- 
basic 11 °/, of Pb. The molecule of the kephaloidinate contains thus 
rather more than half a molecule of Pb and is consequently a mixture 
of lead salt with free body. There is also an irrationality perceptible 
on the P which is too high, and the N which is too low. But on the 
whole the constitution, properties, and products coincide with those 
shown by kephaline of the compared formula. 


Oxyhephaloidine with eadmic chloride, 2 (C4, Hz; N P Oxy) + Cd Cl. 
In this case a quantity of kephaloidine obtained by the ether process, 
not purified by water, filtration, and HCl, &., was transformed into 
Cd Cl, salt, and precipitated by alcohol ; redissolved in ether, and the 
solution repeatedly frozen, and freed from some deposit, then precipitated 
by absolute alcohol. It could be dried at 80° C. without change. 


Analyses —(1.) 0°4694 grm. gave 0:°9087 grm. CO,, equal to 
52+796°/,C, and 0°344 grm. H, O, equal to 8°142°/, H. 

(2.) 0:6396 grm. gave 8°75 c.c. N at 21°2° C. and 759 m.m. B ;. 
KHO column = 20°7 mm. Hg, equal to 7°69 cc. normal, or 
1:50, N. 

(3.) 0°9368 grm, fused with caustic soda mixture, &c., gave 
0:1340 grm. Ag Cl, equal to 3°58°/, Cl; filtrate neutralised with 
NH, H 0, and filtered from slight gelatinous precipitate, gave 0° 1285 
erm. Mg, Pz, Oy, equal to 3°68°/, P. 

(4.) 0°9004 grm., fused as before, gave 0°1212 Ag Cl, equal to 
3.33°/, Cl; further, -0°0430 grm. Cd O, equal to 4°17 °/, Cd; the: 
solution made alkaline, was not filtered this time, and gave 0°1198 grm. 
Mg, P, O,, equal to 3°71°/, P. 

Mean of the two chlorine determinations 3°48°/,CL. 


This requires 5°41°/, Cd, so that there is a deficiency of Cd, pro- 
bably lost in fusion by volatilisation of Cd. 


Filtration of the alkaline solution before precipitation with magnesia 
mixture, diminishes P by 0 08°/,, so that it is hardly necessary to effect 
this filtration of the frequently-observed slight clouds, for the difference 
would not affect the final result, and if, as is possible, the clouds were 
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phosphate of calcium, the phosphoric acid might be legitimate, and the Arp. No. 


_ 


calcium only an impurity of the nitre employed in fusion. On the Chemical 
Constitution of 





Summary :— ; Dr. jee. 

C.52°796 

H 3-142 Total organic 

1-300 | Total ones 

Pr oa 690 

O~ 25032 

Cd 45°24) 

Cl cee 8-840 








100 ‘000 100°000 


— 








— 


leading to formula Cy, H,; N P O,, for organic matter. If one atom of 
Cd Cl, were combined with two atoms of organic body, then 9°8°/, 
Cd Cl, should have been present. 


Comparison of the Composition of the Organic Matier with 


Per cents of 






































. . nares Organic matter 
Organic matter of | Organic matter in oxy- : 
oxykephaline Eophataltye “ithe Oe FAO) Ee pet es 2 
with Cd CP. Cd Clk. iephaline 
ies GRO OS a eS aN ee ee RS = 2%) 
4.00. LE 67°91 OL: (O00 56°31 
): Se ea 8°82 . 8° 902 8°30 
NW 174 1°64 1°573 1°43 
P 4:30 4°04 3°680 3°98 
OQ 26°02 27°45. 28°095 29°81 


It will thus be perceived that the oxykephaloidine is intermediate 
between oxykephaline and peroxykephaline in composition in all items 
except alone hydrogen. This peculiar anomaly, if such it be, must be 
reserved for future deliberation. ‘The empirical formula expressing the 
composition of this salt is 2 (Cy, H,; N P O,,) + Cd Cy. 


The ethereal solution of this salt was not precipitated by bydrothion 
gas passed through it, . 
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(b.). Sub-Group of the Myelines. 
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General Definition of Myeline.—In selecting this name for a substance 
which has not been isolated before, | have to state that it must not be 
confounded with the matter so named by Virchow, and which is neces- 
sarily a mixture of several varieties of phosphorised principles, with 
several fats and cholesterine. ‘The leading features of the principle here 
to be described will distinguish it with great precision from all similar 
matters. When freshly obtained it is white like bleached ivory, but on 
keeping becomes a little yellowish and waxy. It crystallises, from 
ether or absolute alcohol solution on slow evaporation, in curved 
needies and scales of a rhombic ovoid shape, which are well seen 
under the microscope witha power of x 400. When it is in 
minute crystals it remains powdery even after drying, but when 
drying in body after deposition from alcohol and washing by ether, 
it becomes transparent and waxy, cuts like dry walnut kernel, and 
when dry can be powdeied. The powder i is perfectly white. It emulges 
with water, and then dissolves, in the manner defined for all phos- 
phorised cerebral principles. The solution iridesees bluish white 
from polarisation of the minute particles. This solution gives the 
reactions to be described. It dissolves in hot alcohol abundantly, and is 
deposed on cooling in white tufts, granules, and masses of peculiar 
appearance, and on slow evaporation in crystalline needles. The 
alcohol retains much myeline in solution when cold, and gives precipi- 
tates with Cd Cl, and Pt Cl, It dissolves in hot ether, and is almost 
immediately deposited from this solution when its temperature sinks. 
It is much less soluble in cold ether than in boiling. It contains more 
than 3°/, of phosphorus; gives with Pt Cl, a yellow salt, which is 
insoluble in ether, and soluble with some decomposition in boiling 
alcohol, from which it is deposited on cooling. It gives with CdCl, a 
white salt which is insoluble in ether, but soluble in boiling alcohol. With 
Pb acetate it gives a white salt, which is insoluble in aleohol and ether, 
and contains an atom of lead. Myeline is consequently a dibasic acid. 
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Modes of obtaining Myeline.—It can be obtained directly, without App. No.5. 
the intervention of precipitants, from the cold alcohol extracts of white oy the Chemical 
matter, by concentration and cooling, redissolving the precipitate, and Constitution of 
letting the solution stand for along time in the cold, when myeline is Dr. ThdioBane. 
deposed crystalline. After isolation to be washed with a little ether. Direct hethed 


The ether extracts of white matter may be precipitated by alcohol, By lead. 
the precipitate emulged with water, treated with lead acetate, washed, 
and extracted with hot alcohol and ether in succession, when ultimately 
white myeline lead, of the formula to be given, remains insoluble in 
these agents. The lead salt decomposed by H,S in water, and Lead salt decom- 
precipitate extracted with hot alcohol, yields white myeline. posed. 


AW the mixed phosphorised bodies may be precipitated with Pt Cl, By PtCh. 
from aleohol solution, the precipitate washed and extracted with ether, 
this will remove kephaline and lecithine, and leave myeline hydro- 
chlorate platinic-chloride, as a yellow body undissolved. The Pt Cl, Pt Chsalt. 
salt must be moistened with ‘ether, and agitated with much water, and [owe 
washed as long as water extracts either PtCl, or HCl. Then the 
residue must be treated with H, S in water, and washed again until the 
washings are pure. If they refuse to filter, the mixture must be taken 
off the filter, put into a bottle with water, and be shaken and triturated, 
and again filtered. At last the black mass is dried, and then extraeted 
with boiling absolute alcohol. The alcohol on cooling and gradual 
concentration deposits white crystalline masses of pure. myeline. 

The Cd Cl, salt must also be treated with much water, which removes Decomposition of 
CdCl,, and must then be treated with H,S. This process is less con- ey sce 
venient than that with Pb or Pt Cl,. The Cd Cl, salt cannot conveniently 
be decomposed with H, § in the presence of alcohol or ether, as in that 
conjunction compounds of myeline with cadmic sulphide are lable to be 
formed. 


Differences and Separation from other Cerebral Principles—Mye- geparation from 
line can be separated from kephaline and kephaloidine and allied bodies kephaline series. 
by the operator using the peculiarity of its being very little solubie in 
cold ether, in which these bodies and their compounds are easily soluble. 

‘The solutions should always be exposed to a very powerful freezing 

mixture, and filtered through a filter and funnel surrounded with freezing 

mixture. From lecithine myeline can be separated by cold absolute From lecithine 
alcohol, in which this body is more soluble than myeline ; also by cold °° 

ether, in which it is also more soluble than myeline. Freezing precipi- 

tates in all these cases the myeline more completely than ordinary 
temperatures. 

Myeline can be separated from the principles of the cerebrine series prom corebrines. 
by boiling ether, in which the cerebrines are almost insoluble. This 
separation can also be effected by much boiling alcohol, in which both 
are largely soluble, but the cerebrines are almost insoluble in cold 
alcohol, in which therefore myeline would remain dissolved on cooling 
more readily. 

An absolute separation of myeline from the other phosphorised prin- Apsolute separa- 
ciples is best effected by the processes employing lead acetate and platinie #1” 
chloride, and from cerebrines (as obtained by alcohol process) by ex- 
traction with boiling ether, or boiling alcohol and separation after 
cooling, or by cold benzole. 


Probable Constitution of Myeline. —1t contains four principal, or Constitution. 
proximate radicals, of which one is the radical, compound itself, common 
to all the cerebral phosphorised substance, namely, glycerophosphoric 
acid. To this is attached a nitrogenised radical, choline or neurine, and 
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Arp. No.5, to these radicals are attached two fatty acid radicals, of varying value 
—. . and composition, but most commonly consisting of margaric acid, with 

On the Chemical i : S : : ; ; 
Constitution of 16 C, or of the amidated form of this acid. Myeline combines with 
the Haim Py in, lead like a dibasic acid, with Pt Cly, and Cd Cl, like an ammonium base. 
From these facts we must attribute to its radicals positions which per- 
mit them to act alternately, if not together. These I have endeavoured 

to represent in the following diagram :— 


Substitution pole. 








| 
Acid pole. . | Rep | R+N | Basic pole. 
| Daly SN ate 
ee 





Substitution pole. 


Constitution of We find sometimes myelines which contain more nitrogen than 

amidated forms, hosphorus in the proportion of 2:1, or 8:2, or 5:3. In these cases 
T assume the increase of the nitrogen to be due to the presence of an 
amidated fatty acid radical, such as I have proved by chemolysis to occur 
in the rarer forms of kephaline. To such amidated forms I attribute 
the following constitution :— 





| R + Amide 


) 
| R+P | R4N | 
ie 
This most simple form I have never directly isolated, but Iam com- 


pelled to assume its existence by the observation of salts, which could 
only be explained by any of the following schemes :— 





| R + Amide | 
| R+P eas | 
(en eee ee ee ee 
R 
> PtCl,2HCl. 
R J 
| RiP | R+N J 
at 


Such a compound was sometimes united with Pt Cl, only, or with 
Pt Cl, and one H Cl, or with Pt Cl, and 2 H Cl, variations which made 
the preparation and analysis of these bodies extremely difficult and 
laborious. | 

But I have also met with compounds which contained when fully 
expressed six molecules of myeline, of which four were amidated (or two 
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twice amidated), and which require the following diagram for repre — App. No.5. 
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| Beppe R+N | 
R 
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Pca | 
R+P R+N | 
kh ee 
R 
| RP R+N | | 
R + Amide | | 
ee S Bel, 
R + Amide | 
[eer [wen | 
R 
R 
| in eege | R+N | 
R 
pee Sie Pt Cl, 
; | 
| R+P | R+N J 
| R + Amide | 


I am yet doubtful whether the formula of myeline as above given 
must not be doubled, and whether the molecules are of equal value, or if 
isomeric are not somewhat differently constituted. At least myeline, 
like kephaline, yields to chemolysis products, in which the constituting 
radicals are presented in two different forms. The further study, 
confirmation, or refutation of this hypothesis I must reserve to the 
future. 


Myeline-Lead.—C yy H,3 Pb NP Oy. The ether-solution from white ogg of obtain- 
matter, after exhaustion by freezing, was precipitated by alcohol ; the ing. 
bulky precipitate was filtered, washed, and dried in vacuo, and during 
this process repeatedly pounded in a mortar. It was now dissolved in 
water, and subjected to fruitless dialysis; it formed a thick, slimy, 
gummy or starch-like emulsion, in which many small crystais formed 
like mica. The addition of watery Pb acetate produced a dense curd, Pb acetate added 
which separated easily from fluid; it was placed on a cloth filter and 4 joonol extrace 
allowed to drip over night. The precipitate was placed in alcohol and tons. 
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warmed, whereby little else but water was extracted (one litre alcohol 
left on evaporation to dryness a little brown matter). More warm 
strong alcohol now extracted much cholesterine and a little. cerebrine 
Hot boiling absolute alcohol extracted much cholesterine and ‘a little 
yellow smeary lead-salt. ‘The insoluble part was soft, waxy, but on 
cooling granular. It was now placed in ether, whereby a yellowish 
fluorescent lead-salt of kephaline was extracted. This latter salt was 


precipitated by absolute alcohol, deposited as a yellowish oily body, which 


became’ hard on standing. ‘This has been treated under kephaline. A 
white pulverulent salt remained insoluble in the ether, was thoroughly 
washed with ether on the filter, aiso shaken with ether in a bottle, and 
again washed on filter. It shrunk much on drying. It was insoluble 
in benzole. 


Analyses: — Substance dried at 100° C1) 0°4648 erm. gave 
0:8672 grm. Re equal to 50°88 °/, C, and 0°3304 grm. Hy O, equal 
to 7.89 oA : 

2) 0°535 grm. gave 7 ¢.c. N at 21° C, & 761m.m. B. K HO column 
=19°5 m.m. Hg, equal to 6°18 c.c. normal or 1°44 tee 

(3.) 0°8961 grm. were fused with caustic soda, sodium carbonate, and 
nitre ; the fuse was dissolved in H N Og, nearly neutralised, and precipi- 
tated by H,S. The PbS was filtered off, dissolved in H N Os, precipitated 
by H, 8 Oy and ignited. 0° 2598 erm. Pb § O, obtained, equal to 19 *76°/, 
Pb. In the filtrate P, O; was estimated by ‘Mg mixture, and there 





was obtained 0'1056 germ. Mg, P, O,, equal to 3°28°/, P 
Summary of Analyses and Theories :— 
Per-cents. by At. Wis.- > by Bb=1, <=: by N=-1,.° ="by 2 a1. 
C 50°58 4-240 44°68 41°56 40°38 
H 7°89 7°890 83°05 77°38 75°18 
Pb 19°76 0° 095 1:00 0°98 0:90 
N 1°44 0-102 1:07 1°00 0-97 
oe 3°28 0°105 1-10 1°02 i 
Oe ia 1°046 L401 10°25 9°96 
100-00 








The organic body in the salt = 100 — 19°76 = 80:24. 
Per-cents. of elements found in organic body and theories :— 








by At. Wis. byN=1. = by P=1. 

C 63°409 5°2840 41°24 40°09 

H .9'8838 9° 83380 76°76 74°60 

N 1°794 0°1281 2 0:90 

P . 4!087 0'1318 1°02 ee 

QO 20°874 1°3046 10°18 9°89 
99° 997 





There are thus arguments at hand for atomic weights with from 40 
atoms to 44 atoms of carbon; but the combined metals and salts are 
under all circumstances less to be relied upon for atomic weight deter- 
minations of the phosphorised principles than the constitutional elements 
P and N. These latter, therefore, prevail in my opinion as deter- 
I therefore 
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accept Cyy H,3 N P O,5 a8 the formula of the body combined with lead, 
and adding 2 H in place of Pb, the formula of the free body will be 








Cup Hig NP Oyo, 
Theory of 
i— pS 
Elements. At. Wts. 
40 C 480 
70H 75 
IN 14 
MB él 
100 160 
760 


~_ 
Per-cents. 





63°15 
9°86 
1°34 
4:07 
21°05 


Found. 


63° 409 


9° 
I" 
4: 
20° 


833 
794 
087 
874 


Decomposition of Pb Sali by H,S.—A portion was decomposed by 


H,S while suspended in ether. 


The ethereal filtrate from the PbS 


deposited a white flaky matter on being shaken, which increased in 
quantity on standing. It was allowed to go to dryness spontaneously, 
and left an abundant white residue, which was soft, and smelled 
peculiarly. It fused above 100, was perfectly fused about 125° to 180°, 
and on cooling was quite solid again at 100°. On being heated further 
it cracked and spirted, then gave off strong smelling fumes, burnt with 
a white luminous flame, and left a charcoal difficult to incinerate. Fused 
with nitre and soda, and the fuse dissolved in H N Og, the tests for lead 
gave negative results, but the tests for P,O; gave evidence of abun- 
dance ; so that the H,S treatment removed all the lead. 

The supposed PbS, on heating, fused, and gave off carbonaceous 
vapours, and behaved in such a manner as to indicate that it did yet 
Therefore much ether, or better, boiling 


contain much organic matter. 


alcohol, will be required to extract all mycline from the PbS. 

The entire quantity of finely-powdered lead salt was now placed in 
absolute alcohol, and decomposed with H, S while being heated in a 
water-bath, filtered hot, and extracted with hot alcohol. 
extract, on cooling, deposited acrystalline mass. ‘This was recrystallised 
from absolute alcohol, when a tendency to stearoconotise became evident 
in the deposit, but all ultimately dissolved with the aid of hot ether, 
and the first purest portion of crystals was analysed. 


The alcohol 


Analyses.—Dried at 100° C ; became coloured on surface. 
(1.) 0°6756 grm. gave 0-1000 grm. Mg, P, O;, equal to 4°17°/, P. 


(2.) 0°4266 grm. gave 0°9860 erm. C O,,= 62°651°/. C, and 0°3970 


H,O, = 10°340 %, H. 
(3.) 0°5000 grm. gave 9-c.c. gas at 760 mm. B, and 20°) C; 
K H O=36 mm. Hg equal to 8 c.c. normal=2°00°/, N. 


Summary and Computation :— 


C 
H 
N 
Pp 
O 


Per-cents. 


62°651 
10° 340 
2° 000 
4°170 
20° 829 


— by At. Ws. 


§° 22) 
10° 340 
0° 142 
0°134 
1°301 


= DY P43: 


od 


€ 


~J co 


— © 


Q" 
i 
i 


1 
eee 


The isolated myeline thus exhibits the formula Cz, Hy N P Og, being 
the same as that of the non-amidated molecule in several Pt Cl, and 
Cd Cl, salts from ox and man, to be described later. 
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Myeline-Platinic Chloride, Modes of preparing.—A quantity of a 
mixture of myeline and lecithine from W. M. was placed in hot water 
and diffused and dissolved. The solution was filtered through force 
filter, acidified by HCl and Pt Cl, added. The almost colourless 
gelatinous precipitate floated in the froth produced by shaking. The 
liquor was syphoned away from underneath the precipitate, and the 
latter thrown on a filter. On addition of a little water it immediately 
began to swell, and would not filter. It was therefore transferred to a 
beaker and agitated with alcohol of 85°/,, whereby it became condensed. 
The liquid was again removed and absolute alcohol given to the preci- 
pitate and the mixture shaken. This caused a great condensation of 
the precipitate, which was thrown on a filter, washed with absolute 
alcohol, isolated, and somewhat dried. It was now placed in a consider- 
able quantity of ether, as previous experiment had shown that if but 
little ether was employed there would be difficulty in filtration, A 
considerable quantity of a yellow salt remained undissolved, being the 
compound of myeline and PtCl,, while the yellow filtrate contained the 
lecithine salt, which was isolated by precipitation with absolute alcohol. 

Three further preparations were made with this modification of the 
process, that the precipitates as obtained by HCl and PtCl, were, 
without being heated with water, immediately after separation from the 
first mother liquor agitated with an equal bulk of cold absolute alcohol 
and a few drops of PtCl,; then washed with absolute alcohol, and 
then separated by ether. The insoluble precipitates from preparation 
1 and 2 were united with each other, as were the insoluble ones from 
preparations 3 and 4, and analysed separately. 


Analysis of Preparation 1 and 2,—After drying in vacuo lost 2°7°/o 
at 95° C. 


(1.) 0°9027 grm. fused with caustic soda, sodium carbonate, and 
nitre, &e. left 0°05440 grm., equal to 6°026°/, Pt. Further, 0° 1948 grm. 
Ag Cl giving 4°569°/, Cl. The Pt found requires 4°334 Cl, so that 
there is only 0° 230°/, Cl. to be placed on account of any H Cl or, in 
other words, the compound is not a hydrochlorate. There were further 
obtained 0°1078 grm. Mg, P, O,, corresponding to 3°834°/, P. 





Summary :— . 
Per-cents. + At. Wts. = by Pt=1. 
rt 6° 026 0°0306 1 
Cl 4° 564 0° 1285 4°19 
P 3°34 0: 1075 ool 


There was therefore an irrationality between the Pt Cl, and the phos- 
phorus, showing that if two molecules of myeline were in combination 
with Pt Cly, one and a half molecule, or at least one molecule more of 
myeline must have been combined with this Pt salt. ‘The body was 
herefore not any further analysed. 


Analysis of Preparation 3 and 4.— 

(1.) 0°9311 grm. fused, &e. gave 0:0698 germ. Pt, equal to 6°442°/, 
Pt. Further, 0°2468 germ. Ag Cl = 6°551°/, Cl. Further, 0°1208 grm. 
Mg, P, O, = 3°619°/, PF. 

(2.) 0-5680 grm. gave 10°6 c.c. gas at 13° C. and 777 mm. B 
K HO = 1683 mm., equal to 10 ¢.c. normal = 2°202°/. N. 

(3.) 0°5120 grm, gave 1°066 C 0,=56°782°/, C and 0°447 H, O = 
9°992°5 Td: 
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It is therefore evident that the Pt:Cl in this case is nearly as J : 6, 
but that both P and N stand in no direct ratio to Pt Cl,. 


Summary of Analyses :— 








Per-cents. = by At. Wis. = by Pt=1 
C 56° 782 4°7314 145° 1 
H 9° 992 9° 9921 — 
N 2°202 >87°007 0°1572 4°82 
i 3°6i9 | 0°1167 3°53 
O 14°412 J 0° 9007 —— 
Pt 6° 442 ‘ 0°0326 1 
Ob ahe seat } lek: 0° 1845 5°66 
100° 000 


te ee 


Calcubated Per-centage for Organic Molecule :-— 





Per-cents. aby wits Wie. =. bY P=1. P=8. 
C 65° 2666 5°4588 40°52 Ye 
cL 11°4850 11°4850 85°58 Sp 
N 2°5310 0°1810 1-34 4° 
P 4° 1600 0°1342 1°00 Se 
O 16° 5574 1°0348 ek 
100° 0000 


Disregarding small discrepancies a formula Cy, Hy; N P Og might be 
derived, but the nitrogen, as in other cases of first salts, is too high, 
being N:P = 4:3. If we assume three molecules of organic principle 
to be present, and one to contain an amidated radical, we obtain the 
following hypothesis : 
Cu Hes NP Os 
C7 Hoe No PO, 
Cyo9 Hose Ng P3 Ong 


— 

















On comparison of this myeline with that in the lead salt it will be 
seen that the hydrogen is by 10 atoms higher, and the oxygen by two 
atoms lower. ‘The body in the Pb salt is therefore properly oxy-myeline. 


Solution in and Recrystallisation from Boiling Alcohol. Formation 
of Apomyeline and Pt Cl, 

The foregoing analysed salt (prep. 1182, 3rd and 4th portion) was 
now heated with boiling alcohol, whereby most of it was dissolved and 
_reprecipitated on cooling. The insoluble part was put aside. The 
recrystallised compound gave on analysis the following results :-— 

(1.) 0°4220 erm. gave 0°8430 grm. C O2 =54°481°/. C, and 0° 36386 
germ. H, O = 9°573°/. H. 

(2.) 0°5586 germ. gave 13 c.c. gasat 19° C, and 763 m.m. B.K HO= 
16 m.m. Hg = 11°6 cc. normal = 2°621°/, N. 

(3.) 1°008 grm. heated by fusion method gave 0°0858 grm. Pt = 
°8554°/, Pt. Further, 0°3662 grm, Ag Cl = 9°082°/, Cl, and 0°1260 
grm. Mg, P, O, = 3°5079/o P, Wan 
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Summary of Analyses :— 
Per-cents. 


54-481 
9°573 

2-621 
3-507 

12232 
8°554) «a. 
Se 17°586 


100° 000 


oyorzmo 








Computation of Free Molecule :— 
Per-cents. by At. Weights. by P=1. 








C  66°101 . §°808 40°2 

Ho “il6ho 11°615 84°7 

N 3°178 0:227 1°6 

iF 4°255 0°137 Be 

QO 14°837 O'S2T 6°7 
99° 986 





The differences in the composition of the salts before and after 
solution in boiling alcohol are best seen in the following comparison, 











: The Salt after Solution 
The Salt before Solution. in Het Aleohol. 
Cr 56* 782 54°481 
H ey a7 
N 2°202 262i 
P 3°619 3°507 
QO 14°412 12°232 
Pt 6°442 SDS tae e 
. Peso 993 oapae 586 
100° 000 100° 000 














A remarkable increase in the per-centage of Pt Cl, becomes at once 
apparent; the other elements also change, but in a differing ratio, not 
wholly determined by the increase of the attached metallic salt. This 
change is perceived better upon the organic molecules, compared in 
their free state. 














Before. After, Apomyeline, Man. 
C  65:'2666 66°101 67°01 
H  11:°4850 11°615 . 11°35 
N 2°5310 3°178 3°00 
r 4°1600 4°255 _ 8°28 
QO 16°5574 14°837 14°649 
os aici Sala prmeere cen + Cl 0-761 
100° 0000 100-000 


Carbon and hydrogen have slightly risen ; nitrogen has risen by one- 


_ fifth of the quantity in the first salt, or from ’5 to 6; phosphorus has 
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risen a little, and oxygen has greatly fallen. These changes seem to 
have reached a certain climax in the (human) apomyeline (from Pt Cl, 
salts, boiled in alcohol), which was examined in the free state. ‘They 
indicate that myeline has perhaps a much higher atomic weight than 
that shown in the above empirical formula, and under the influence of 
acid and metallic salts in alcohol gives up certain proximate component 
inucle, containing P, while retaining all or most of its N. 


Comparison of this body with Apomyeline(man.) Csg Hig, No  Og-— 
The theory of the Pt Cl, salt from ox (boiled), comes very close t» this, 
except in the P. 

















Theory. 
wr eee Found. 
Atoms, Per cents. 

104 C 1248 54°80 64°481 
212 212 9.51 9°5738 
2P . Dai a O06 
4N 2°46 2°621 
18 O 12°252 

i Pee 8°69 8°55 

6 Cl 9°35 9°08 


The relation of Pt Cl,, Cl,, and Ny, make this compound very impor- 
tant ; if the difference in the P can be hereafter explained, it may perhaps 
be expressed by the formula— 


Crs Hyog N, P Ox Cl 
Cro Hicg No P.O, CL Fe Os 


Myeline-Platinic-Chloride from Ox. W.M. (preparation 1188), — 
This salt was prepared from the cold alcoholic extracts as above 
described, and was insoluble in ether. It was dried at from 70° to 
80° C; the particles lost their light yellow colour, and adhered to each 
other, but were not otherwise altered. 


Analyses :—(1.) 0°963 grm. fused with caustic soda, ; nitre, and 
potash carbonate, gave 0°0728 grm. Pt= 7°559°/, Pt; further 
0:3360 erm. Ag Cl = 8°630 °/, Cl; and 0°115 grm. Mg, P, O, = 
3°334 °/, P. 

(2.) 0°4716 erm. burned with chromate, &c., gave 0°8984 grm. C O, 
=51°955°/, C, and 0°380 grm. H, O = 8952 °/, H. 

(3.) 0°549 grm. gave 11°5 cc. gas at 762 m.m. B and 20° C. KHO 
=16°'7 m.m. Hg, equal to 10°2 cc, normal = 2°324 °/, N, 


Summary of Analyses :— 


C 51°955 ) 

H 465587952: 

N 2°324 $83°811 
P 3° 334 | 

O 17° 246 ) 

big 7° 559 4 
Gl 8-430 f 19°189 


100*000 100°000 


—— 
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Computation of °/.s of free organic body :— 








Per cents. + At Weight. —+byP=1. 
C 61-990 5° 166 40°38 
H 10°681 10° 681 83 °4 
N 2712 0° 198 bh 
P 3°978 0:128 1:0 
O 20° 579 1°286 10°0 


leading to formula— 


Cup Hes NP Oj 
Cy Hyp N, P Oro 


Decomposition of the 1st and 2nd Insoluble Platinie Chloride Mye- 
line Compound by H, S, and Recovery of the Free Myeline in the Pure 
State.—This salt, the partial analysis of which has been described 
above, was triturated in a mortar with water to an impalpabie powder, 
mixed with more water, and treated with H,S in excess. Time was 
allowed for the complete action of the H,, and filtration was not 
effected until the mass had stood in a stoppered bottle for several days. 
The filtrate contained apparently no organic matter, and did not give 
the reactions of myeline. The washed and drained precipitate was now 
digested in boiling alcohol for some time, and filtered hot. The filtrate 
was slightly yellowish, and contained the free myeline as shown by the 
following tests :— 


\ = Cg9 Higs Ng Po Og). 


On evaporation a portion left a white residue. 

With water the alcohol solution became milky without giving preci- 

pitate. 

Aqueous Pt Cl, gave an abundant yellow granular precipitate. 

Pt Cl,+H Cl also gave the foregoing precipitate, but H Cl alone none. 

Ba Cl, gave a good dense precipitate. 

Ba H, O, gave a somewhat gelatinous precipitate. 

Aqueous Cd Cl, gave a bulky, but swelled precipitate. 

Alcoholic Cd Cl, gave a good bulky precipitate. 

Aqueous Zn Cl, gave a good white precipitate. 

The bulk of the solution was now allowed to evaporate spontaneously, 
when it deposited minute erystals, characteristic of myeline. It was 
subsequently added to a similar preparation derived from the union of 
several Pt Cl, compounds, also decomposed by the H,S process, and 
further studied as wili be described. 


Myeline-Platinic-Chloride from Ox Buttery Matter.—The buttery 
matter was dissolved in ether, and alcoholic Pt Cl, added. A yellow 
precipitate ensued, insoluble in ether, with which it was washed. Weight 
4°7 orm., and gave on analysis the following results. Lost in air-bath 
at 70-80° C. 1°44 °/.. 

(1.) 1°2359 grm. were gradually introduced into a previously fused 
mixture of nitre and sodium carbonate. It was ascertained that in this 
manner some phosphorus and much chlorine were lost. Therefore the 
Pt alone was determined and found to be equal to 10°48 °/, Pt. 


(2). In this experiment 1'0484 erm. were boiled down with caustic 
soda leye, made from metallic sodium and nitre, in a platinum crucible, 
and heated to fusion, &c. There were obtained: Pt = 10°36 °/, ; 
Cl = 10°89 °/,; P =3°31°/,. We have therefore here almost exactiy 
one atom of Pt to six atoms of Cl, z.e., upon 197°4 Pt 213 Cl required, 
and 214°9 found. | 
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(3.) 0°5933 grm. gave 1°0867 CO, = 49°94°/, C and 0°4588 H, 0, 
equal to 8°36 °/, H. 
(4.) 0°7164 grm. gave 12°8 cc. N gas, normal, equal to 2°23 °/, N. 
(5.) 0°5722 grm, gave 11°755 cc. N gas, normal = 2°57 °/, N. 
Mean 2°4°/, N. 





Summary of Analyses :— 
— by At. Wt. + by Pt= 1. 

C 49°94) 4:°1658 79°] 

H 8:36] E % 

N 2°40 $78°69 0°1714 o220 
P San 0: 1067 2 

Gna 4-RE r . 

Pt 10°42)... 00526 1 

Cl thea.) 2 5 6 

100°00 








Computation of Organic Molecule :— 





Per cents, + by At. Wt. + byP=1. M. Wt. P= 1 
C 63°46 2° 288 39°1 52° 468 
H. 10°624 - 10°624 78°7 hs 
N 3°05 0°217 1°6 aol 14 
b 4°20 0°135 z° . 3] 
GO 18°67 1°166 8°6 144 


100° 004 734 


———— —_— ——. 


The Pt Cl, + 2 HCl is in excess of that molecule ; 21:31 :78°69 = 
411 :1517; = 
formula, and stands to P = 3:2, or 5:8. We have therefore here also 
perhaps an amidated radical in one out of two molecules, and obtain as 
simplest hypothesis :—- ; 


Coo Hyg Ny PO | 
eee O° SOD BREIL 


Myeline-platinic chloride, Crg Hyg, Ng Po Org, Cla, Pt Cly, from ox 
buttery, preparation Nro. 1202.—This compound was insoluble in ether ; 
soluble in benzole. 








= 758°5. The nitrogen is too high for any simple 


Analyses. 


(1.) 0°9473 grm. dried at 60-75° C. were subjected to fusion, and 
yielded,— 3 
(a) 0°089 grm. equal to 9°395 °/, Pt. 
(6) 0:3840 grm. Ag Cl = 10°026 °/, Cl. 
(c) 0°1164 grm. Mg P, O, = 3°481 °/, P. 
(2.) 0°4612 grm. gave 9°5 c.c. gas at 20° C. and 764 m.m. B. KHO 
column = 16°7 m.m. Hg = 8'5c.c. gas normal, or 2°305 °/, N. 
(3.) 0°4830 erm. gave 0°9062 grm. C Og, equalto 51°168°/,C; and 
0°3900 grm., H, O equal to 8°971 °/, H. 


App. No. 5. 
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Apr. No.5. Summary of Analyses. 
os te uni ae 
- the Brain, by S| 8°971 
Dr. Thudichum, NW 2-305 80°579 
P  3°'431 
Ree 
Cl 10-026 \ J pc 


es ———— ees 


100°000 = 100°000 


Tn this salt Pi: ClL= 1:6. But the Pt Cl, is about 2'5 per cent. too 
low when compared with the requirements of the computed free body. 
For the atomic weight of this 729 + 205°2 (being the molecule, with 
P=1+4 molecule Pt Cl,) requires 21°96 °/, of Pt Clg. 


Computation of Organic Body free from Pt Clg. 





ee -- by At. Wts. by P=hL 
C  68°500 5°291 38°6 
HW dies Meigs =." 81°2 
N 2°865 0*204 1°489 (say 1°5) 
P 4°257 0:137 1°0 
QO 18°245 1°140 8°3 





100° 000 


These data lead necessarily to the empirical formula C,yg Hyg. N3 Ps, 
O,, for the free substance, and with the aid of the hypothesis applied to 
other salts to formula— 


Cao Hg; N P Os oo 
Cap Hs Nz Pp OO. Cl Pt Cl,. 


Stress must be laid upon the fact that here again N: P= 8:2. 


Myeline Cadmic Chloride Salts from Ox Buttery.— The salts 
described in the following were all obtained from the buttery matter 
by the following process:—The matter was dissolved in ether, and 
precipitated by alcohol. No freezing or other artificial low temperature 
was employed. The solucion, separated from the precipitate, was treated 
with Cd Cl, in alcohol; a voluminous white precipitate fell, which, after 
isolation and pressing, was exhausted with ether. The portion which — 

Solubleinhot remained insoluble in ether is the one here to be considered. It was 
recieiiae soluble in boiling alcohol, and deposited from this solution on cooling 
perfectly white. It dissolved in hot benzol, and from this solution no 
Pen A a deposit ensued on cooling. ‘The fluid was red coloured, and had a green 
cipitation be “fluorescence. It was precipitated, whilst warm, with alcohol of 85 °/., 
_ Spirit, filtered, washed with much alcohol, and pressed in a cloth. This process 
was repeated twice more with all formalities. ‘The purified salt was 
. next extracted with alcohol of 85°/, at 45°C., by which a small quantity 
of salt was separated. ‘The salt which was not dissolved is the one 
analysed below. (Further experience showed that absolute alcohol 
dissolved and re-deposited the whole of the compound.) As the product 
constituted the largest quantity of Cd Cl salt obtained in this and 
| er processes, it was termed “ principal cadmium salt, insoluble in 
ether.’ 
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Analyses. 


(1.) 0°9462 grm. fused with caustic soda and nitre, &¢., yielded 
03041 grm. Ag Cl, equal to 7°94 °/, Cl. and 0°1104 grm, Mg, P, Oy 
equal to 3°26 °/, P. 

(2.) 0°9500 grm. gave 0°2900 erm. Ag Cl = 7°55°/, Cl, and 0° 1182 
grm. Mg, P, O, = 3°32 °/, P. 

(3.) 0°8950 germ. fused, &e, and dissolved in dilute HCl; 
Cd precipitated as CdS: the latter dissolved in H Cl; the solution 
evaporated to drive off excess of acid, and then precipitated by Nag 
CO; precipitate ignited left 0°1288 grm. Cd O, equal to 12°59 °/, Cd. 


App. No.5. 


On the Chemical 
Constitution 02 
the Brain, by 
Dr. Thudichum. 


It was found that the greatest care is necessary in this mode of Accidents. 


analysis to prevent three kinds of accident—(1) volatilization of Cd; 
(2) formation of alloy of Cd with Pt; (3) excess of S in Cd §, which 
makes it impracticable to determine the Cd as sulphide. 

(4.) 0°4186 grm. gave 0°7696 grm. CO, = 50°14 °/,C, and 
0°3120 grm. Hy O = 8°28 °/, H. 

(5.) 0°634 grm. gave 9'2 ¢.c.gas at 19°C. and 757 mm, B, KHO= 
16mm, He = 8°1 cc, normal, or 1°59°/, N. 


Summary. 
Found in 100. 


C 50°14) 
a) 8°28 | 
N 1°59 79°47 
Pmean 3°29 | 
O 16°37 J 
1°94 


13-59 20°58 


oO 


C 
C 





100° 00 





Computation of Percentage and Formula of Organie Molecule. 











a = by At. Wts. a = 1, 
C 63:09 5257 89°52 
H 10:41 10°41 18°27 
N. 200 0-142 1°06 
RP 4°13 0°133 i 
0. 20°59 1°286 9°66 
100° 00 





Behaviour of this Cd Ct, salt with H, S in Ether.—A little of this 
salt was suspended in ether, aid a few bubbles of hydrothion were 
passed through the mixture. The precipitate immediately dissolved, 
and a bright yellowish red solution resulted. It was thus evident that 
this peculiarity, which I had observed on many CdCl, precipitates 
before, was a general feature of these salts; they could not be decom- 
posed in ether by H, S, because the CdS formed passed into solution 
instead of being, as had been expected, precipitated. ‘The solution was 
divided in three parts: in one alcohol threw down a yellow flaky pre- 
cipitate, which readily subsided ; in a second portion water threw down 
a gelatinous swollen mass, not unlike yelk of egg, which floated on the 
top of the solution; in a third portion ammonia behaved much like 
water, except that the whole solution became nearly solid. I have 
shown elsewhere that the yellow precipitate which alcohol produces in 
the ether solution contains the organic molecule of the Cd Cl, precipi- 


HeS dissolves 
Cd Cl salt. 


No Cd8 pre- 
cipitated. 


Alcohol precipi- 
tates yellow salt 


App. No. 5. 
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tate, cadmium, chlorine, and sulphur. We may, therefore, consider 


On the Chemical that in the ethereal solution the compound behaves like a mercaptan, 


Coustitution of 
the Brain, by 
Dr. Thudichum. 


Similarity to 
mercaptans, 


PtCli applied to 
mother liquor of 
W.M. 


Distilled. 


Mixed with Aq. 


Precipitates dis- 
solved in ether. 


He § treatment. 


Alcohol precipi- 
tates several 
matters. 


Cd Cl? precipi- 
tates. 


He2S dissolved 
precipitate in 
ether. 


and being itself sulphurised for the time, has the power to combine with 
or hold in solution a metallic sulphide. 

The salt, though insoluble in ether, is soluble in ether acidified with 
HCl. In this solution, also, no precipitate is produced by H,S ; but 
it assumes a yellow colour, and water produces in it a yellow gelatinous 
emulsion, which persists for weeks, if not treated with large volumes of 
ether. The yellow ether solution, on spontaneous evaporation, leaves a 
yellow residue behind. 


Myeline Cadnue Chloride from Alcoholic Extracts of Human Brains 
after Removal of White Matter and Platinie Chloride Precipitates.—In 
some of my researches I applied Pt Cl, to the mother liquor of white 
matter in the hope of thereby effecting a precipitation of phosphorised 
bodies. But the results obtained from large quantities of material were 
insignificant. Much platinum remained in solution, and was partially 
recovered by the addition of ammonia. (The precipitate contained 
other matters, and in particular gave reactions of a metal not hitherto 
known in science.) ‘The entire solution was now concentrated by dis- 
tillation, allowed to cool, and the deposited cholesterine removed. The 
liquid was treated with a large volume of water, filtered, and the filtrate 
evaporated to about + volume. A dark smeary deposit appeared in the 
evaporating dishes, which was added to the residue of the first filtration 
on filter. These residues were dissolved in ether. This solution may 
in effect be considered as a solution of buttery matter in ether, to which 
Pt Cl, has been added. 

This solution was now treated with H, S to remove Pt Cl, but this 
was only partially successful, for although a precipitate ensued, yet the 
fluid remained black, and retained Pt; it was therefore warmed on 
water bath, and C O, passed through it to drive off a large excess of 
H, 8S. More than an equal volume of alcohol was now added to it, 
whereupon a dark brown bulky precipitate fell down; this was ascer- 
tained to contain kephaline, myeline, and lecithine, but the kephaline 
in prevailing amount. The ether alcohol filtrate contained the matter 
which gave the Cd Cl, salt to be described. 

The solution was distilled to remove the ether, and the residue allowed 
to stand to deposit cholesterine. To the filtrate from this latter 
alcoholic Cd Cl, was added, whereby an abundant white precipitate was 
produced, which was washed with alcohol and dried. It was next 
extracted with alcohol at 45° C to remove any cerebrine. It was found 
to be insoluble in ether, but yielded to this solvent a quantity of matter, 
which was again precipitated by the addition of alcohol. (Kephaline 
and lecithine Cd Cl,.) All these collateral precipitates were not any 
further investigated on account of the difficulty of freeing them from 
cerebrine and cholesterine. But the Cd Cl, precipitate, which remained 
insoluble in ether (though it dissolved in ether with the aid of H, 8, 
and the solution gave a yellow precipitate of an organic Cd S compound 
with alcohol), was analysed with the following result. 


Analyses.—(1.) 0°9660 grm. gave 0°375! Ag=9°61°/, Cl and 
01122 Mg, P, O, = 3°24°/_P. | 

(2.) 0°7268 grm, gave 0'1426 grm. CdS, 'equal to 15°25°/, Cd ; 
0-2827 orm. Ag Cl-== 9°61°/- Cl; “and .0°0820 erm. Me, P, O, = 
3°15°/, P, 

(3.) 0°5576 grm. gave 0'979 grm. C Og = 47°88°/, C, and 0°3868 
gr. HO sag 7a 

(4.) 0°5187 grm. gave 8°3 c.c. gas at 17°0 Cand 762'5 m.m. B, &e., 
equal to 7°47 cc. N normal = 1:81°/, N. 
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Summary of Results :-— App. No. 5. 
>= ie W ts. le | P = ° = 4, pene: 
by s 8 ssi : is On the Chemical 

Constitution of 


een SS eee 








C 47°88 3°99 38°73 the Brain, by £ 
H 77) vie ia | 74°8 Dr. Thudichum. 
NS Leh ra 4 Oo 125 500 
pe (320 0-103 1: 4 
O 14:54 0-908 8°81 
iets A) 8 dire Nae 2°62 10°48 
Cd 15°25 0° 1386 1°32 5°28 
100°00 


~—_—— 


We thus find that Cd: Cl= 1 : 2, but the Cd Cl,, as compared to the 
organic molecule, is about one third (of its theoretical quantity) in 
excess of its required quantity. Deducting the Cd Cl, and calculating 
organic molecule we obtain :-— 





+ by At. Wets. + byP=1. P= 4 
C 63°72 5815 38°79 ay 
H 10°26 10°26 74°89 Bs 
N 2°40 0-1714 1°25 5 
Pi 4-95 0-137 1: 4 
O 19°37 1:21 8°81 ue 
100-00 





It we assume that of every four molecules one contains an amidated 
radical besides the ammonium radical, we obtain the following scheme :— 














fe eine 
| RN | RP | | 
Ect] 
| RN ag eine 4Cd Cl, ) 
R 
me ae | | 
| RN edt B | xX de 
eee gr 


Seed el, 
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This salt was extracted with benzole after analysis, in which it 


On the Chemical swelled, but did not dissolve ; some coloured matter was extracted. 


Constitution of 
the Brain, by 


It is therefore different from the principal ox Cd Cl, salt, which was 


Dr. Thudichum. repeatedly dissolved in benzole and precipitated by alcohol, but is 


Insoluble part. 


Nitric acid 
process. 


nevertheless very similar in composition. 


Ox, Cd Cl, salt. Cyp Hrs N P.O, + Cd Ch. 
Man, Cd Cl, salt. C39 TH. NP Oo + Cd Cl, + 4 Cd Cl,. 


There remain to be inquired into, and to be analysed if sufficient 
material can be collected : 


(a.) The Cd Cl, salt extracted by ether. 

(6.) The Cd Cl, salt extracted by alcohol at 45° C. 

(c.) 'The body extracted by benzole. 

(d.) The cause of the insolubility in benzole, and whether it is the 
excess of Cd Cl, or not. 

(e.) The organic body combined with the Cd Cl, after removal of this 
salt. 

(f.) The chemolytic producis of the organic body. 


Myeline Cadmic Chloride, from Ox White and Buttery Matter, 
and Cerebrine.—This myeline was a mixture of various specimens, 
similarly prepared. White matter, extracted with cold alcohol and 
ether; also buttery in the same manner; further, cerebrine depo- 
sited by ether extracts of white matter, were found to contain much 
phosphorus. The whole of the matters were therefore dissolved in hot 
absolute alcohol, and the solution allowed to cool. The filtrate was a 
saturated solution of myeline. This was allowed to stand, and deposited 
some gelatinous kerasine, which was filtered off. To the colourless clear 
solution Cd Cl, was added as long as a precipitate was produced. The 
white deposit was washed and redissclved in boiling absolute alcohol. 
Most of it dissolved, and was deposited on cooling after filtration on hot 
funnel. Some remained insoluble, and is here not any lurther con- 
sidered. Some remained dissolved in the absolute alcohol after cooling, 


‘and was obtained after distillation of the alechol. Some remained dis- 


solved in the very last mother liquor. The following salt is the one 
deposited on cooling of the alcohol solution : white masses, little waxy, 
easily powdered, dried in vacuo. 


Analyses.—(1.) Determination of phosphorus. 2°1008 grm. were 
fused with caustic soda, nitre, and carbonate; the residue was dissolved 
~ HCl, and the Cd ‘removed by hydrothion. This yielded only 

0°2272 Cd O, equal to 9°463°/, Cd, so that the loss surmised during 
the experiment was verified. ‘To the acid filtrate N H, HO was added 
to alkalinity, whereby a precipitate was produced, proved subsequently 
to consist of calcium phosphate, with a trace of iron ; this weighed 
0°0178 grm., and its phosphorus was calculated as that of Caz P, Og 
rom 00342°/, P. To the filtrate magnesia mixture was now added, cat 
the process yielded 0°2418 grm. Mg, P, O,, equal to 3°214 °/, P, which 
with the P in the lime salt, is 3°2174°/, P nett. 


(2.) Cd Cl and P determination by HNO, method. To avoid the 


- loss of Cd, 2°0238 grm. of the salt were boiled with excess of nitric 


acid and silver nite ate 1 grm., in a long-necked assay flask, until 
destroyed. At one time the solution was bluish, and ultimately colour- 
less ; the Ag Cl deposited, and a little oil floated on top, which became 
solid on cooling. This remained with the Ag Cl, and caused some diffi- 


culty in the ignition of. the latter, which required treatment with H N O, 


and H Cl, after which the Ag Cl behaved normally. It weighed 


» 
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0:5533 grm., equal to 6°754°/, Cl. The CdS next precipitated, and App. No.5. 
transformed into oxyde, with the precaution of treating the paper filter 6, ine chemical 
with H N Og previous to ignition, gave 0°2928 CdO = 12°60°/, Cd. Constitution of 
This latter figure requires 7°99°/, Cl, whereas the 6°754°/, Cl found as Thedicoam, 
require only 10°65/ Cd. We have therefore here the Cd undoubtedly ,, ==— 
slightly in excess of the Cl, or, in other words, a loss of chlorine. The qq. 

acid solution was now treated with excess of N H, HO, and gave the 

same precipitate as analysis 1. It was not filtered off. ‘The phosphoric 

acid was now precipitated by magnesia mixture, and yielded 0°1048 germ, 


Mg, P, O,, equal to 1°466°/, P. (See notes below.) P, 
(3.) 0°4312 grm. gave 0°808 grm. CO, = 61<+104°/ C, and o, 
0°3466 germ. H, O = 8°981°/, H. ‘ H 


(4.) 0°5460 grm. dried at 80° C. during four hours, gave 12 ¢c.c. gas N. 
at 20° C, and 767 m.m. B. K H O column = 18 m.m. Hg = 10-77 «.c., nor- 
mal, or 2°46°/, N. 

(5). Determination of Cl and P by fusion method. 1:432 erm. gave 
0°4850 grm. Ag Cl equal to 8°37 °/, Cl and 0°1720 grm. Mg, P, O, 
equal to 3354 °/, P. 


Note on Analytical Methods.—There being a great deficiency of 
P in analysis 2), the Ag Cl was searched for this element. It was 
dissolved in ammonia and nitric acid alternately applied, and the Ag Cl 
ultimately filtered from the acid solution, The latter showed by 
molybdate test unmistakeable evidence of the presence of P. It is 
therefore probable that the fatty body which remained and was burned 
with the Ag Cl contained P. Further, the ultimate mother liquor of 
the magnesia precipitate was evaporated to dryness and fused with 
nitre. The solution in water with the molybdate test showed the 
presence of a large amount of P. Jé is therefore clear that by this 
treatment with nitric acid, phosphorus in two forms may escape 
detection, and that the process is unsuitable for the determination of 
this element. The uncertain and varying results of Couerbe and Kobler 
receive by this fact a partial explanation. On the other hand, it is’ 
proved that the method of fusion with nitre and sodium carbonate after 
previous digestion with caustic soda leye gives the whole of the chlorine 
and phosphorus contained .in the salt, but is liable to engender a loss 
of cadmium. This metal seems however to be completely isolated by 
the nitrie acid process, and I have therefore come to the resolution to 
determine Cd by the nitric acid method in one experiment, in which Cl 
and P are left out of consideration, and to determine P and Cl by the 
fusion method in another experiment in which Cd is left out of con- 
sideration. 


Summary of Analyses :— 


Per cents. 

C- 51°104 

..8°93l 

alata bats mooi peoes0 
P 3°285 mean See 

O 138:°2650 : 

Ch .S7370- Ged 
Cd 12-600 $20 va 





100°000 ~ 100-000 


La emprert § Og rene, 20 PED 
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App. No.5. Computation of Organic Molecule :— 
On the Chemi 
Constitution « of Per cents. + byatws. +byP=1. P=2. P=d. 
the Brain, by 
Dr. Thudichum. | 
C 64°66 5°38 40°2 
ft 111280 11°30 84:4 
ING PO dl 0*2221 1°65 3°30 4°95 
. 467T5 0-1838 1°00 2 3° 
O 16°78 1°05 7°84 
100:00 


Again this body is net a simple, but a compound salt, containing 
perhaps three molecules of myeline, in two of which an amidated radical 
is contained. ‘The simplest formula that can be constructed is probably — 


Co Ha N PO, C&C, 


Paramyeline Cadmic-Chloride, Cs, Hy, NP O,, Cd Cl,, and _ its 
hydrate, Cgg Hy N P Ojo, Cd Cla, from ox buttery afier kephaloidine. 
When the buttery matter dissolved in ether had been precipitated by 
alcohol and the kephaloidine been removed, the mother liquor on stand- 
ing deposited some secondary kephaloidine and cholesterine. These 
were filtered off, the liquid precipitated with Cd Cl,; the precipitate was 
washed with alcohol and pressed ; it was next extracted with ether 
(which dissolved a small quantity of kephaloidine CdCl,) until pure, 
dried, and analysed. The result of the analyses showed, that the body 
was a CdCl, compound, but there was no easy rationality between 
the elements of the organic molecule. The latter amounts to 77°49 °/, 
the Cd Cl, to 22°51 °/,. 


Treatment with Benzole.—It was found that the compound was 
entirely soluble in boiling benzole, and deposited a portion on cooling 
which was white and voluminous. Another portion remained dissolved 
in the cold benzole. The deposit was isolated by filtration, dissolved 
once more in boiling benzole, and was deposited as a swelled gelatinous 
mass ; this was drained from benzole by blotting paper and dried. 
(Preparation 1235). ‘The benzole solution which deposited nothing on 
standing in the cold was concentrated by distillation, and then precipi- 
tated by absolute alcohol, the precipitate washed and dried. (Pre- 
paration 1236.) 


(a.) Paramyeline Cadmic- Chloride. — C3g Hz; N P Og, Cd Cla, in- 
soluble in cold benzole. : 


Analyses.—The analyses were carried out in the usual manner, but 
the Cd was disregarded, as the fusion method is not reliable with this 
element. 


(1. 1°1505 grm. dried at 80° gave,— 
(a.) 0384 erm. Ag Cl = 8°255 °/, Cl, [to this a quantity of 
13°02 °/, Cd. would correspond. | 
(4.) 0° 1400 grm, Mgy Pz Oy, equal to 3°396 °/, P. 
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(2.) 0'441 erm. gave 0-7970 germ. C 0,=49°288 °/, C and 03294 
germ. H, O= 8-299 °/, H. 

(3.) 0°5321 grm. gave 7°7 c.c. gas at 22° C and 765 m.m. B.; KHO 
column = 16°4 m.m. Hg, gas = 6°8 c.c. normal = 1°598 °/, N, 


Summary — 
C 49°288 )} 
H  8:299 
N  1°598 S7S"725 
P -38°396 
P O (16°144 
Hypothetical - ' Cath 3. oan 
Cl 8+255 \ wie 


hr 


100°000 100°000 





Computation of Organic Molecule :— 
Per cent. by At wts. +by P=1. 

C +62°607 Oo 2i7 is 

H 10°541 10°541 5° 

N 2:029 0°144 ie 

] ° 

9 * 








A Sy) 


Ei 2°3k3 0°139 
O 20°510 1°281 


| Noe PC oS) | 





100° 000 


The formula C3, H,; NP Og gives an atomic weight of 720, but the 
atomic weight calculated from the Cd Cl, is only 677. There is there- 
fore still an irrationality between the chloride and the organic molecule, 
in the sense of the metallic salt being in excess. 


Paramyeline Hydrate Cadmic - Chloride.—Cgg Hyz N P Ojo, Cd Cl. 
(Cy, ?) (Prep. 1236). Soluble in cold benzole. 


Analyses.— All preparations dried at 80°, _ 
_(1.) 0°5000 grm. gave 0°8310 germ. CO, = 45°237°/, C; and 
073570: erm; H, O = "7° 933°/, H. 

(2.) 0°420 erm. gave 6°2 c.c. gas at 26 c. and 764 m.m. B.; K HO= 
16 mm. Hg ; equal to 5°38 ¢.c. gas normal.= 1°602°/, N. 

(3.) 0-9880 grm, gave 0°3660 grm. Ag Cl = 9°652°/, Cl (to this 
quantity would correspond 15° 222°/, Cd); further, 0°112 Mg, P20, = 
3°334°/, P. 


Summary :— 


C 45-327) 

H  7°933 | 

N  1°602 $75-126 
P 3°334 

O (16°930) 

Ca (15°222)) 5). 
Cl \ ones Wed 874 





100*000 100-000 


)  PSN = ee 
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Computation of Organic Molecule :— 


Per cents. -~- by At. Wets. + byP =1, 
C 60°334 5*028 Caee9 
H . 10°559 10° 559 Hyy.g 
N 2 182 0°152 N.4 
P  4°437 0° 1386 Pi 
O 22°5388 1°408 Ojo3 
100°000 








Nearest formula C,H, NP Oj, more probably Cy, Hy, N P Ojo, 
with atomic weight 738 ; the Cd Cl, is greatly in excess of the molecule, 
and leads only to 552 atomic weight. 

The solubility of this paramyeline in ether distinguishes it from 
myeline, which is only little soluble in ether ; its solubility in ether 
alcohol separates it from the kephaline group, from which it also differs 
by the insolubility of its cadmium compound in ether ; it thus approxi- 
mates by its solubilities most to the group of the lecithines, to which 
it also shows analogies by its bearing during chemolysis. But it differs 
from the lecithines by tts platinic chloride salt being insoluble in ether, 
as was ascertained by the following experiment :— 

Attempt to transform the foregoing Cd Cl, salt into Pt Cl, salt —A 
quantity of 10 grm. of the analysed bodies was triturated very finely, 
first by itself, and then with H Cl, diluted with an equal volume of 
water, and then allowed to stand for about three hours. It was next 
thrown on a filter and washed with water; when the excess of H Cl 
and Cd Cl, had been washed away, the substance became mucilaginous 
and filtration ceased. The liquid in the funnel was poured off, and the 
soft yellowish white matter treated with cold absolute alcohol. This 
left a flaky white matter undissolved, which, however, dissolved in hot 
absolute alcohol, and was deposited on cooling in minute white granules, 
the alcohol remaining saturated with it, so as to give a precipitate with 
Pt Cl,, and leave a matter on evaporation. The first cold alcohol solu- 
tion was precipitated completely with Pt Cl,, and the yellow precipitate 
isolated, treated with ether, which extracted nothing, and dried in vacuo. 
It weighed only 2°13 grm., and on analysis was found to contain 
80°45°/, of organic matter, and 19°55°/, of PtCl, so that it was 
evidently formed upon the type of the platino-chlorides-hydrochlorates : 
viz., 2 paramyeline + 2 H Cl + Pt Cl,-with a slight excess of H Cl over 
that required by Pt Clg, and also a slight excess of organic matter, so 
common in the compounds of the kephaline series, and explained by the 
chemolytic action of water. On the whole, this method of transfor- 
mation is unsatisfactory, and does not deserve to be repeated, particularly 
on account of the small yield. 

Chemolysis of the foregoing salts by BaH,O,. 10 grm. were 
boiled with concentrated caustic baryta, containing excess of crystals, 
for one hour. Solution and precipitate were little coloured; they were 
separated by filtration. . 

The precipitate was washed and decomposed with cold HCl. The 
insoluble part was washed to near freedom from H Cl, and then dis- 
solved in hot absolute alcohol. Immediately on cooling a first erystal- 
line deposit formed, which was filtered off. ‘The solution evaporated to 
one half deposited, over night, white zeolithic masses of light crystals, 
being a fatty acid. The solution further evaporated deposited a 
crystalline coloured fat fluid while hot, nearly solid on cooling. These 
products will be described lower down as first, second, and third acids, 
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The barytic solution was treated with excess of COs, and heat, 
filtered, concentrated, and precipitated with Pb acetate. ‘The precipi- 
tated Pb glycerophosphate was removed ; the excess of lead precipitated 
by H, S, the solution filtered, evaporated to dryness, treated with a few 
drops of H Cl to expel acetic acid; the residue dissolved in water, and 
filtered from a small quantity of green base; mixed with Pt Cl, and 
absolute alcohol, which precipitated choline and neurine Pé Cl, mixed 
with some Ba Cl,. The Ba was cautiously removed by H,S O,, and 
the crystals obtained pure. 7 

First Crystalline Deposit—This haying been deposited immediately 
on cooling, was filtered off, washed with cold absolute alcohol, pressed 
between paper, and represented white microscopic crystalline needles, 
much resembling the needles obtained from cerebrine by the action of 
HCl or H, SO, They soften at 75°, at 84° bubble and blister from loss 
of fluid (either water or alcohol), and then set dry. The mass does not 
fuse at 95°, at 105° maintains its shape, but is soft like wax when 
kneaded between the fingers, At 120° it is transparent, and nearly 
fused. At 127° it is a colourless, transparent oil, but very viscid, and 
not mobile. On cooling it becomes hard, and remains translucent, like 
milky glass or porcelain, and is not crystalline, but brittle. This body 
has not yet been any further examined. The crystals, pressed between 
paper and dried in air, when boiled with absolute alcohol, dissolve in 
great part, but leave a fused or stearoconotised portion undissolved 
behind ; this adheres to the glass, and remains insoluble on boiling with 
much alcohol; after removal of the alcohol it cracks, but remains 
adherent to the glass. The aleoholic solution gives copious white pre- 
cipitate with Pb acetate. Myeline behaves in a similar manner. On 
the other hand none of the known fatty acids observe such conduct, 
and they are therefore excluded from consideration. 

The Second Deposit, or Crystals of Fatty Acid —This crystallised from 
the absolute alcohol solution after concentration to one half on standing 
over night. It was very different from the first, being in dense balls of 
zeolithic needles, and breaking up on pressure, much like margaric acid 
so called. It was filtered off, washed with some absolute alcohol, and 
pressed between bibulous paper, dried in air. White; sofiens at 
49°, fuses at 50°, entirely liquid at 54°. Solidifies crystalline at 50° 
to 51°, thermometer immersed. (These fusing points correspond to 
myristic acid, containing a little lauric, but the analyses to be related 
do not confirm this hypothesis.) 

The acid was dissolved in a small quantity of warm absolute alcohol, 
and precipitated by baric acetate solution; the precipitate was filtered, 
and washed three times with absolute alcohol, and when dry weighed 
0°5272 orm. 

Analyses.—(1.) 0°1166 grm., dried at 70° C., and ignited with 
H, SO, and H N Og alternately, until white gave 6°0404 erm. Ba S O, 
= 20°37°/, Ba. 

(2.) 0°2058 grm., dried at 80°, burned with chromate, gave 0°4294 
grm. C O, = 57°042°/, C, and 0°1824 erm. H, O = 9°871°/, H. 

Summary of Analyses :-— 

a 








y -~- by At. Wets. + by Ba= 1. 
C 57°042 4°753 31°98 
BH 9s 9°87] 66°42 
O 12°72 0°795 0°39 
Ba 20°37 0°1486 1°00 





100° 000 
85033. M 
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leading to 2 (Cy, H3; Og) Ba, H, O, therefore a salt very nearly isomeric 
with palmitate or margarate. These few tests exhausted the material. 

The Third Deposit.—The solution filtered from second deposit was 
evaporated until an oil collected on its top, and allowed to cool. The 
oil became semisolid. The fatty matter was filtered off, washed with 
water, and dissolved in watery ammonia. It formed a turbid, slimy 
solution, which, after heating with more water, could be filtered. To 
the solution Pb acetate was added, the curdy precipitate filtered off, 
washed with water, and dried over H,SO, It was next extracted 
with ether, and residue dried and weighed = 2°57 grm. The ethereal 
yellow extract was distilled to dryness from a previously weighed flask, 
and found = 2°7175 grm. The exact study of these products requires 
much larger quantities of material than were at my disposal. 

The Glycerophosphate of Lead was filtered and washed, and boiled 
twice with large quantities of water, and washed on a new filter with 
hot water. The white salt was dried over H,S O, ; it shrank very 
much to a horny coloured mass, and weighed when dry 1°5 grm. Of 
this 1°409 grm. were burned, and left 1-097 grm. Pby P, O,; it was 
consequently pure glycerophosphate, which should leave 1°098 grm. 
pyrophosphate. 

The Green Basic Body.—When all acid was driven off from the 
choline-neurine hydrochlorate, after removal of Pt by H, S, and the 
residue dissolved in water, a greenish body remained undissolved, which 
from the mode in which it was obtained may be considered as the 
hydrochlorate of a base. Insoluble in water, it dissolved easily in 
absolute alcohol, forming a dark red solution. In this Pt Cl, produced 
neither pr ecipitate nor change. (The solution was lost, but itis known 
from other experiments that the Pt Cl, compound is precipitated by 
ether from its alcohol solution.) 

The Choline and Neurine Pt Cl, was filtered, and washed with 
absolute alcohol, dried in air, and redissolved in a minimum of water, 
filtered from a slight yellowish, grey, insoluble deposit. As it did yet 
contain BaCl,, it was again transformed into simple chloride by 
removal of the Pt by H,S, and evaporation. The residue was extracted 
with absolute alcohol in small quantities, as long as the extracts gave 
any precipitate with Pt Cl,. Ba Cl, in white crystals was left behind. 
To the united extracts Pt Cl, was added as long as any precipi- 
tate ensued, excess of Pt Cl, being avoided. The precipitate, yellow 
and powdery at first, became orange brownish during drying, and 
assumed a more dense and crystalline state. It weighed 1°6 grm. air- 
dry, equal to 0°532 grm. choline and neurine. This corresponds to 
only 3°35 grm. of the body taken for chemolysis, and even if the larger 
formule were to prevail for this compound, the choline-neurine obtained 
would not represent half the nitrogen contained in the original Cd Cl, salt. 


Computation of the Quantitics of Products obtained in this 
Chemolysis. 
id Cl, to be deducted - - - 2°251grm. 
First erystals from alcohol rites - -:\ F060", 
Second crystals, fatty acid (Ba salt=0°5272grm.) - 0°400,, 


Assumed oleic acid (from 2°7175 grin.) of Pb salt - 1°993 ,, 
Assumed margaric acid (from 2°57 grm.) of Pb salt - 1°834 ,, 
Glycerophosphoric acid (from 1°5 grm. Pb salt - 0°684 ,, 
Choline and neurine (from 1°6 grm. Pt Cl, salt) = '0"552 ,, 


Loss in operations, green base, &c. - - = 1*306- ,, 


‘Total - 10™:000;.,, 
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Myeline- Cadmic- Chloride. — Cg4 Hygg N3 Pz Og + 2 Cd Cl, from ox, 
white matter. This preparation constitutes the largest bulk of the 
compounds of the myeline class obtained in this research. It contains 
the myeline which is the least soluble, as is shown by the mode in 
which it was obtained. The white matter, from which cold absolute 
alcohol had extracted the more soluble compounds :—from which ether 
had extracted the kephaline and cholesterine, and which then appeared 
to consist mainly of bodies of the cerebrine series, was found to contain 
much phosphorus. It was finely powdered and boiled with absolute 
alcohol, the solution was decanted from the stearoconote, and. some 
kephaline, filtered hot, and allowed to stand. ‘Three successive deposits 
were separated, which will be described under the record relating to 
the cerebrine, phrenosine, and kerasine series. The alcoholic filtrate on 
standing several days in stoppered bottles deposited some kerasine in 
the form of gelatinous granules and membranes consisting of microscopic 
waves of needles. The alcoholic filtrate from this was saturated with a 
body, which gave a copious white precipitate with CdCl, It was 
necessary to combine the whole with this salt, in order to remove 
cholesterine, of which there was also much contained in the fluid, as 
shown by ultimate concentration of the mother liquor. The copious 
precipitate was washed with absolute alcohol, then suspended in and 
exhausted with ether, and dried, first in the open air, then under the 
air pump, with the aid of sulphuric acid. This process of drying lasted 
many weeks, as the alcohol and ether clung pertinaceously to the sub- 
stance. It had to be powdered many times, and the sulphuric acid 
used for drying had to be frequently renewed before the substance 
appeared dry. The half dried substance when heated in a water bath 
to 90°C. became a transparent, viscous, soft mass ; on cooling this became 
again hard and pulverizable, it was thus powdered and again exposed. 
to 80° C., when it again became soft, but less so than at first ; cooled and 
evound in mortar a second time it now retained its pulverulent nature 
on heating and did not fuse or become soft. From this it is probable 
that water, and alcohol, and ether were strongly combined with this 
body, and that the observed fusion was really a kind of solution in a 
small portion of these agents. The portions used for the following 
analyses were then dried, and subsequently at 70° C. till their weight 
was constant. 

Analyses.—(1) 1°0233 grm. fused as above described gave 0°1280 
CdO = 10'983 °/, Cd; 0°8050 Ag Cl = 7°3878 °/, Cl; and O° 118 
We, PO, = 3°220° /P. 

(The 10-988 °/, Cd require 6:961 °/, Cl. The 7°373 °/, Cl require 
11°630 °/, Cd, so that the Cd is deficient to the extent of 0°647 °/,, 
the result probably of volatisation during fusion.) 

(2.) 0°4466 grm. burned with chromate gave 0°8570 grm. CQ, = 
52234 °/, C, and 0°346 grm. H, O = 8°607 °/, H. 

(3.) 0°5424 grm. gave 1le.c. gas at 19°C. and 753 m.m. B. ; KHO 
column = 17 m.m. Hg, equal to 9°74e.c. gas normal = 2°246 °/, N. 


Summary of results :-— 


- - 02°384 

OH - =~ 82.607 
Ne + - 2246 481-644 

Eyibse - $8°220 

O - = sl owoy 
Cd: be oo eee 
its : 7-373 | 18 rie 





100-000 1007000 
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Computation of free Molecule :— 




















Per cents. by At. Wts. --by P=1 
C 64-100 5°341 42°05 © 
H 10°542 10-542 83°00 
N&2"750 0-196 1°54 
P  3:948 0-127 1°00 
O 18°665 1°166 De! bS 
100° 000 
Theory ef Atoms :— 
42 C 504) 
838 H 83 | 
1i N 21 +783 
| Ma 31 | 
9- 0. 144) 
I. Cd 012 
ae Gl WEE \ fd 
S66 966 


eee 





Of course the theory with P = 1 is inadmissible on account of the N, 
which compels us to double the empirical formula to Cg4 Hyigg Ng Ps Oj, 
+2 Cd Cl,, Taking Cl as found, and Cd equivalent to it (allowing a 
slight loss) leads to 963 as at. w. of compound, which is almost identical 
with theory from free bedy. Consequently, we have :— 


Cl: P=2.:1 or better=4:2 
Cho) cite Eb edd gee aoa tae 


It is therefore possible or necessary to assume that we have here’ a 
mixture or compound in atomic proportions of two bodies, one of 
which contains only one atom of N, while the other contains two, 
thus :— 


Cy gg N PO,+ Cd Cl, ke: P 
C 42 Hgs N,PO,+Cd Clg f C4 Digs Ns P, Oig +2 Cd Cl, 


Ce 


Sub-group of Lecithines. 


In the chapter containing the description of the method pursued for 
the isolation of immediate principles, I have repeatedly stated that lecithine 
had been found, but have accompanied the statement by a query, as in- 
dicating that there was yet some doubt on the subject. This may be at 
once explained by the statement that the lecithine, when isolated in the 
only ferm in which it can at present be separated from the other brain 
matters, namely, as platinic chloride hydrochlorate salt, immediately 
after isolation began to decompose, and completed this decomposition 
during the steps necessary for its purification. The yellow salt, preci- 
pitated from ether by alcohol, when placed in the vacuum over sulphuric 
acid, became covered with oily drops (oleic acid), and the remaining yel- 
low salt entirely lost its solubility in ether. On analysis of this insoluble 
part it was found to correspond to the probable composition of a plati- 
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num salt of a body having the composition of lecithine minus an atom of App. No.5. 
oleyl. But slight irregularities made it probable that a small part de- on the Chemica 
composes further, and leaves a platinum salt, free from fatty acid radicles, shee ena ta 
yet containing the radicles of glycerophosphoric acid and choline in com- Dr. Thudichum, 
bination. ‘These circumstances produced conditions of such complication, 

that the time and opportunity was not sufficient for disentanglement, 

and the presence of lecithine in the brain is therefore not considered as 

proved, but only as probable. 

The decomposibility of lecithine from eggs has already been pointed pecomposition 
out by Strecker; the ether solution of the platinie chloride salt he found ope hy 
to deposit crystals of choline platinic chloride on standing. This de- ; 
composibility was also no doubt the main cause of Gobley’s non-success in 
his attempts at its isolation. J find that it decomposes rapidly on stand- 
ing in absolute alcohol by itself ; the liberated margaric and oleic acids 
in the nascent state form ethylic ethers, which settle asa heavy oil to the Oily podies 
bottom of the vessel containing the solution. This oil then forms a !ormed. ethylic 

r é é 2 ‘ ‘ ether of fatty 
material of almost inextricable confusion and complication, and has no acids, 
doubt been the main cause of the frequent failures of attempts at brain 
analysis. When freed from all matters which can be precipitated by 
platinic chloride, cadmic chloride and lead acetate, applied in succession 
with all precautions, and when liberated from all alcohol it is a viscid 
oil, which partly crystallises at low temperatures, and at lower ones con- 
geals entirely. When heated it does not observe the bearing of either 
the phosphorised bodies, or fats or fatty acids, but boils at a temperature 
near that of boiling mercury, and distils freely above 360° C., yielding an 
oily distillate in which crystals form on standing. This distillate is the Distillate = 
pyrokephole of the alphabetical list ; the original oil, unpurified, is the PYTXePhole. 
main. ingredient of Couerbe’s élééncephol, of the last oily of this research. 

During the early operations of brain-extraction the decomposition of 

lecithine is but slight, and the formation of the ethers insignificant. It 

begins to become more copious after concentration of the absolute alcohol Progress of 
extracts from white and buttery matter, by distillation of the absolute “decomposition 
alcohol. It is accelerated by the treatment. with platinie chloride and during man 
hydrochloric acid, but a large quantity of soluble in ether platinum salt is 0 
nevertheless obtained. The final decomposition is accelerated by the 
necessary separation of kephaline, which involves treatment with hydro- 

thion in ether solution, and precipitation with absolute alcohol, when 
kephaline remains with the platinic sulphide, while lecithine as hydro- 

chlorate with much hydrochloric acid remains in the alcohol solution. 

‘The hydrochloric acid has now to be removed by silver oxyde, the excess of 

the latter by hydrothion ; the excess of hydrothion by carbonic acid and 

slight warming. In this solution platinic chloride produces a good pre- 

cipitate of lecithine salt, of which most is yet soluble in ether. But 

after precipitation by alcohol and placing in the drier, the long course 

of severe chemical influences is, as it were, completed, and the shaken 
constitution of the lecithine succumbs to the influence of time and 

liberated hydrochlcric acid. 

We may therefore say that lecithine has virtually, though not actually, 
been isolated from the brain. It has yielded all the products of decom- 
position described by Strecker, and also the compounds, and has observed 
the bearing of a compound in a state of tension, or easy decomposibility. 

[have no doubt that means will be found for its isolation in its integrity. 

Perhaps the above process followed by me, if carried out with the greatest Processes of 
despatch by working it during night and day without intermission, would oe ee 
Jead to the desired result. For the decomposition no doubt requires time adopted in the 
as an essential element. But other processes are perhaps preferable. ‘°“™* 

Thus if all phosphorised matters were precipitated from the first extract 
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of white matter, or buttery matter by cadmic chloride; the precipitate 
freed from kephaline compound by ether; the remaining mixture of 
mycline and lecithine cadmic chloride salt freed from cadmic chloride by 
water and dialysis; and the mixture of myeline and lecithine separated 
first by a little ether, which would leave most myeline insoluble, but dis- 
selve all lecithine ; if now to this solution ethereal solution of platinic 
chloride were added, all myeline would fall, and all lecithine remain in 
solution. This could now be precipitated by alcohol, and the precipitate 
analysed ; or the precipitate could be freed from platinum and hydro- 
chlorie acid as above described, and the solution evaporated. The com- 
pound of lecithine with lead is very soluble in alcohol, even of inferior 
strength, while the compound of myeline with lead is quite insoluble even 
in boiling alcohol. Perhaps this different behaviour may be used for 
their separation after they are isolated from other phosphorised matters 
and cholesterine by the cadmic chloride and ether treatment. 


B.—Grovp of Nirrocenisep Principis, 
(a.) Sub-Group of the Cerebrines. 
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General Peculiarities of the Group. 


In the classification I have given cerebrine and its several varieties 
as the first term of the group of principles containing four elements, 
C, H, N, and O, termed the nitrogenised group of immediate prin- 
ciples of the brain. J have shown in the historical appendix that 
the term ccrebrine was first used by Kuhn, and later by Lassaigne, for 
ill-defined products of their operations; later by Gobley to signify what 
was no doubt mainly a mixture of bodies belonging to this group, 
with some myeline, but the representative body of this group, the 
cerebrine Cy, Hs3 N Og (or C3, Heg Ng Og) was first discovered by 
Muller, and well characterised by its freedom from phosphorus, 
and the relatively large amount of nitrogen which enters into its 
composition. By the present research it is now found to be appa- 
rently the lowest representative of a group of immediate principles 
of the brain which are free from phosphorus, contain nitrogen, and 
vary in the number of carbon atoms, which they contain for each 
nitrogen atom between 17 and 48. Whatever may be the ultimate 
explanation of ‘these differences of composition must be left for future 
inquiry. Meanwhile it is certain that these differences do but slightly 
affect the external appearance and bearing towards solvents of these 
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bodies, so that by describing the general properties of one we describe Arp. No.5. 
the general properties of all members of the group, while differentiating on ne Chemical 


characters and means are most difficult of discovery and application. padi alike dy 
e Brain, by 


They are all white, like snow, but are capable of becoming in part Dr.Thudichum. 
transparent, like wax. ‘They are deposited from hot alcoholic solutions Goneral aie 
in minute balls of still more minute, é.e., microscopic particles, which jacters or cere» 
may be termed crystalline, but have no claim to be termed crystallised. 

[The balls of myeline are very similar in appearance, but their elements 


are much more distinctly crystallised than those of the cerebrines. ] 


The cerebrines are all soluble in hot alcohol, particularly absolute Soluble in 
aleohol, and deposited on cooling; they are very little soluble in cold es ea 
absolute alcohol, much less soluble indeed than myeline, which can thus 
be separated from the cerebrines. ‘The mixture is dissolved in hot 
alcohol and allowed to cool; nearly all cerebrine falls down, much 
myeline remains in solution. The deposit is separated from the liquid 
and subjected to this treatment until it is free from phosphorus. 


Solubility in Water—The cerebrines are almost insoluble in water, Solubility in 
though they swell with it, particularly on boiling. One grm. of purified wes: 
cerebrine (from ox, third portion of Nr 2 of my preparation list) was 
powdered and boiled in 100 c.c. of water, filtered through force filter, 
and 50 ¢.ec. of the filtrate were evaporated on the water bath to dryness 
in a platinum dish, which increased in weight by 0°025 grm, Con- 
sequently one part of this cerebrine ‘was soluble in 2,000 parts of 
water. 


The cerebrines are quite insoluble in cold benzole. ‘Thus a quantity Bearing with 

, : : : -, benzole. 
(from ox, Nr 3) was shaken with benzole ; it became swelled and quite 
transparent, so as to almost disappear from sight. The benzole was 
filtered off and evaporated, and did not leave a vestige of matter behind, 
But in hot benzole the cerebrines are extremely soluble, and on cooling 
are deposited as a gelatinous mass, which requires agitation before it can 
be filtered. From the hot solution cold alcohol precipitates white 
flakes. This treatment facilitates the separation of the cerebrine from 
the benzole. 

'The cerebrines are almost insoluble in either cold or hot ether, and Bearing with 
are by this solvent easily purified from kephaline and its relatives, from Cae 
much myeline, and from lecithine, and also from cholesterine and fats. 

But the separation from myeline cannot be effected so easily by ether 
as by the absolute alcohol treatment above described. 


In order to ascertain the bearing of cerebrine under different circum- Bearing with 

stances with hydrothion, three experiments were made with cerebrine 1’S. 

from man, Nos. 4 and 5. A quantity was suspended in ether and H,S 

passed through the mixture. No change took place. A mixture of 

cerebrine with alcohol and some HCl also remained unaltered. A 

mixture of cerebrine with ether and alcoholic Cd Cl, formed a yellow 
precipitate. Cerebrine therefore behaves neutrally towards H,S, unlike 
kephaline, which seems to combine with it, and then retains metallic 

sulphides in solution in ether. 


Cerebrine and Phrenosine from Brain of Man. 


Cerebrine (No. 1.) Cy, Hg3 N O, from Brain of Man, by Baryta gereprine No.1, 
Process.—This experiment was performed on two human brains (typhus) 
after the precedent of Miller. The organs, hardened in alcohol, were 
transformed into a pulp and boiled with baryta water; the solid residue 
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was filtered off, and after washing exhausted with boiling aleohol. The 


On the Chemical latter deposited cerebrine, which was extracted with ether, recrystal- 


Constitution of 
the Brain, by 


Dr. Thudichum. 


Man, No. If. 


lised from alcohol, and analysed. Dried in hot water oven at about 
90° C, the powder became slightly caked, but did not beconie coloured 
or show signs of decomposition. . . 


Analyses.—(1.) 0°5744 grm. burned with lead chromate gave 
1°3843 grm. C O2 = 65°7°/, C, and 0°5610 grm. H, O = 10°8°/, H. 

(2.) 0°8609 grm. gave 13°9 ¢.c. of N at 11° C, and 760°69 B. potash 
column 240 m.m. = 12°7 cc. N normal or 4°4°/, N. 


Summary :— 





°/, found — by N=1. 
canes — ee 
C - 65°7 liza 
H ~ 10°8 34°4 
N - 4°4 - 
O " 19°1 3°8 
100:0 


ne 


leading to Cj, H33 N Oy or C,7 H33; NO3H,0. This is the only time 
that I have obtained this cerebrine ; all other preparations, even by the 
same process, contained much less nitrogen, or assuming nitrogen as 1 
as the term of comparison many more atoms of C, H, and O than this. 
It differs from Miiller’s cerebrine only by containing nearly an atom of 
H,O more than this. 


Phrenosine (No. IT.) (C35 Hg N Og).—This was also obtained by baryta 
process in exactly the same manner as No. 1, but was found to contain only 
half the amount of nitrogen, or it contained, in addition to Cy, H33 N O, 
the complex Cg Hs, 04, which is not unlike Koehler’s myelomargarine or 
Otto’s cerebrine, both said to be free from N. But I have never found 
any substance of the cerebrine group to be free from nitrogen, and am 
rather inclined to assume that the true molecular formula of cerebrine 
No. 1 is Cy, Hgg Ny Og, and therefore may be considered as the diamido 
form of the radical of which phrenosine is the mono-amidated form. 


Analyses.—(i.) 0°3188 grm. gave 0°7784 grm. C O, = 66°19, ©, 
and 0°3180 grm. H,O = 11°0°, H. 

(2.) 0°3729 erm. gave 7°5 cc. N at 15°5.C.; H KO column 252 m.m. 
Bar; = 796° 1 pm. == 64d esc, normal or 2°20), N. 








°/, found. +byN=1. 
f= Aa — ——— 
Gal” 66° 1 36°1 
H. - 11°0 70°6 
N = 2-2 i, 
O - 20° 7 81 
100-0 


ee 


leading to Cs, Hg, N Og. I preserve this and all other cerebrines not 
produced from promiscuous materials for future study, particularly in 
the hope of meeting with preparations of similar empirical composition 
with which they might be united. 

From the foregoing phrenosine ether extracted, previous to analysis, a 
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body which after distillation of the ether remained as a gelatinous ApP.No 5 


cheesy cake, drying up to a thin film, probably myeline. On the Chemical 
Constitution of 


Cerebrine and Phrenosine (III.) (Co, W4,NO;). This body was the Brain, by 

obtained without the intervention of baryta, The brain pulp was simply cece 
boiled with alechol, the extract filtered, and allowed to cool ; the deposit Cerebrine No. 
was filtered off. On attempting to redissolve this in boiling alcohol ~~" 
a portion fused together: the mass was therefore powdered again and 
extracted with much alcohol at 45°. The insoluble portion proved to be 
stearoconote (Couerbe), soluble in benzole and reprecipitated by alcohol. 
The cerebrine and phrenosine from the alcohol extracts, after extraction 
with ether, had composition :— 


Analyses.—Dried about 90° C. (1.) 0°3486 grm. gave 0°8565 grm. 
CO, = 67°01°), C ; and 0° 3471 grm. H, O = 11°06°/, H. 

(2.) 0°4836 erm. yielded 13°3 c.c. of gas at 19° C. K HO = 238 mm. ; 
Bar. = 752: m.m., equal to 12°3 c.c. gas normal = 3°19°), N. 








°/, found. — by N=1. + by N=4. 
| mae =) ——— ete 
C - 67°01 24°6 98° 
TF - 11°06 48°7 195° 
N 3°19 i; 4° 
O - 18°74 o-1 20° 
100°00 





If we multiply these figures by x 4, and then deduct two molecules 
of Cy, Hs3 N Oy or one molecule of C3, He, Nz Os, there remain about 
two molecules of C3, Hg NO;. We can consider this body as being a 
mixture of :— 


lL mol. C3, Hg N,Q,  cerebrine. 


Ca, Hep N Og 1 : 
D) 34 +69 8 ie 
2 mols. Cys O; pereneane, 











Cine Hoos N4O24 (See cerebrine Nos. IV. and V.) 
Found Cog Hyo5 4, 20 


Cerebrine and Phrenosine IV. and V. (Co; Hz, N Og.) This was Man, cerebrine 
extracted from the brains by alcohol at 45°C ; it was next extracted Pe oe 
by cold alcohol, then cold ether, recrystallised from alcohol, and washed 
with ether. 


Analyses (1.) 0°3914 grm. (dried below 90°C, at which tempera- 
ture it became coloured), gave 0°9388 grm. CO, = 65°41°/,C, and 
0:3862 grm. H, O, equal to 10°96°/, H. 

(2.) 0°3923 grm. yielded 10°8e.c. gas at 19°C, and 752 m.m., 
which, corrected, was equal to 8°0°/, N. 





°/,, found. —+by N=1. IN=-4, 
SS a eet 
C 65°41 25°4 161-6 
H 10°96 OL 2 204°8 
N 3°00 i lbs  ¥AS 
O 20°63 6° 24° 





100°00 


em 
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App, No.6, The hypothesis which I applied to Cerebrine III. fits the present 


On the Chemical preparation even much better. 
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These figures are in effect identical, and their harmony strongly 
supports the hypothesis. 


mien and Cerebrine and Phrenosine Vi., VII., and VII. was prepared like 
pepeoane. VI, the foregoing, and analysed. 

oa (1.) 0°2887 grm. gave 0°6903 erm. CO, = 66°35 °/, C, and 
Or2814 HO = 1b 01°/, H 

(2.) 0°4860 grm. gave 10°7¢.c. gas at 20°C, and 763 m.m. B, 

K HO 275 m.m. = 9°45 normal, or 2°43 °/, N. ; 








°/, found. +byN=1. x 17 N. 
fad pres. S hae 
C 66°35 31°9 542°3 
H i 08 63°6 1081°2 
N 2°43 is 17° 
O 20°21 7°3 124°] 
100:00 





Applying to this body the foregoing hypothesis, I find that it may 
be considered as a mixture of 15 molecules of phrenosine, Cy, Hg, N Os, 
with one molecule of cerebrine, Si Hy N, Og, which requires 
C544 Hyoz2 Nyy Oj2g, while C549-3 Ajogi-2 Niz Ojos. are found, figures 
which again show a surprising degree of har mony, Nepciy i the very 
large numbers of atoms involved in the calculation. 

Tt is thus shown that different human brains yield immediate prin- 
ciples of the cerebrine series, which apparently greatly differ in 
elementary composition, though they are very similar in chemical re- 
action; but, by a simple hypothesis, they are reducible to two primary 
forms, mixed in varying proportions— 


Mono-amidated form - Cs3,Hg, N Og, phrenosine 
Diamidated form - C34 Hog Nz Og cerebrine. 


That the mono-amidated form really exists will be shown imme- 
diately ; but there are reasons for assuming the existence of more com- 
plicated forms in mixtures, in which, besides the foregoing forms, 
bodies such as Cz, Hio, N Oy, 

51 Hyo0 N2Oie 
C51 Hyo, NzOr2 


may be engaged, or even an hypothesis dealing with these latter bodies, 
may in some instances take the place of the more simple hypothesis, 
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b. Sub-Group of Phrenosines. 
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Recrystallisation and Separation by Lead Treatment of the Cere- Ox cerebrine. 


brine Group of Immediate Principles from Ox-brain.—The white 
matter, completely exhausted with ether and celd alcohol, was re- 
peatedly recrystallised from alcohol, of 85°/,, and the stearoconotes 
were separated. When the’precipitate dissolved freely and entirely in 
new alcohol, the solution was treated with a hot alcoholic solution of 
lead acetate, and a little ammonia. [The precipitated lead compound, 


which I will term lead cerebrinate, was washed, decomposed in hot pp cerebrinate 
alcohol by H,S, filtered hot from PbS. The solution, on cooling #4 cerebrinic 


deposited cerebrinic acid, which was filtered off and washed. It was by 
recrystallisation obtained in three portions, which will be treated of on 
future occasion.| The alcoholic solution from which the Pb precipitate 
had been removed, and which contained all matters not precipitated by 
lead under the circumstances, besides some Pb acetate and N Hg acetate, 
on cooling, deposited white phrenosine, which was filtered off and 
washed. It was next recrystallised from alcohol of 83 °/,, during 
which some secondary lead salt became insoluble, and was removed. 
The phrenosine was again dissolved in hot alcohol, and a trace of lead 
removed by H,S. On cooling, phrenosine and a solution were 
obtained which were again separated by the filter. The phrenosine 
was recrystallised from absolute alcohol, and yielded, on cooling, 
purest phrenosine, part 1, which was dried. The mother liquor of 
this was distilled to one-sixth, and, on cooling, deposited purest phreno- 
sine, part 2. The rest of the liquid evaporated left purest phrenosine, 


part 3. 


Purest Phrenosine, Part 1.—This was dried for days over Hz S O, in 
air pump, and finally, the portions used for analysis were dried at 


65° C. 


(1.) 0°5218 grm. gave 1°2743 grm. CO, = 66°60°/, C. and 


0:5260 H, O = 11:20°/, H. 


i 


(2.) 0:5260 germ. gave 10°75c.c. gas at 18°C, and 772 mm. B. 


K HO column = 173 m.m. = 20 m.m. Hg, equal to 2°30°/, N. 


°/, found. — by At. Wets. by N=1. 
By, Te 28 11°20 68°29 
N 2°30 164 ih 


100°00 


acid. 
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App.No.s. leading to formula C3, Hy N Og. 


Constiatign of aa 

1e Brain, by Cie tee 4. cee 
Dr, Thudichum. Of Atoms. Per Cents. 

34 C 408 66°12 

67 H 67 10°85 

1N 14 2°26 

8 O 128 20°74 

617 


Nitrited Phrenosine.—C3,4 Hg, (N Oz) NOg+H,O, 10 grms, of the 
substance just analysed were finely powdered, and added little by 
little to about 300 c.¢c. pure H N Os, time being allowed for each por- 
tion to assume a gelatinous swelled condition before a new one was 
added. After all the phrenosine had been added, a thick paste re- 
sulted, with some tendency of separation of a solid towards the sur- 
face. No red fumes were given off during the operation. The 
bottle containing the mixture was placed in cold water during 14 
hours, at the end of which time the air space in it had become 
filled with fumes of nitric peroxyde. The bottle was filled up with 
water, when the oily or gelatinous product immediately assumed a 
hard waxy consistence ; it was filtered, washed with much water, 
pressed, and dried under air pump. ‘Though kept in the dark, it gra- 
dually assumed a strong reddish colour, became hard and brittle, and 
could easily be powdered. The powder was yellow. It was soluble 
in hot ether. 


Analyses.—Substance dried in air pump, not by heat. 

(1.) 0°3977 grm. gave 16°5 cc. gas at 18° C. and 764 m.m. B. K HO 
= 21 m.m. Hg, equal to 14°8 ce. normal = 4°65°/, N. 

(2.) 0°4394 erm. gave 0°960 grm. C O2 = 59°58 °/, © and 0° 3927 erm. 
i) = "95 |. be 

















Found Calculated for Cy, Heg Ng Oy 
C 59°58 60°17 
HH 9:95 9°58 
N 4°65 = Se 4 
QO’ (25°84 25°49 
100°00 99°38 








By the process of nitration the nitrogen has at least doubled, and the 
oxygen has greatly increased. ‘The nearest hypothesis compatible with 
the analyses leads us to the conclusion that an atom of H has been sub- 
stituted by N O,, and an atom of oxygen been added besides, or an atom 
of water, so that we obtain either Cy, Hg (N 0.) N Og + O, or Ca, Hyg 
(N 0,) NO, + H,O. The unquestionable fact of the entrance into the 
molecule of phrenosine of a molecule of N O, enables us approximately 
to fix the molecular weight as that given; in any case it could only 
have to be doubled or trebled, but not otherwise much changed in its 
proportions. 
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Phrenosine and Bromine. Mono and Dibrominated Phrenosine. 


Phrenosine of the formula C3, Hg, N Og, same preparation as in the 
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previous experiment, when exposed to bromine vapours becomes yellow the Brain, by 


and combines. The product is soluble in ether and in hot alcohol, and 
more soluble in cold absolute alcohol than the pure phrenosine. 

When phrenosine is thrown into ether containing some Br there is a 
slight evolution of heat, and the phrenosine is immediately and entirely 
dissolved. A red solution remains which is not made colourless by 
powdery phrenosine in excess. The ether solution evaporated leaves a 
yellow thick residue, which is entirely soluble in warm absolute alcohol, 
and from this deposited on spontaneous evaporation. The ether solu- 
tion when boiled with water seems decomposed ; the body becomes 
white and flaky, and H Br is evolved. The products of the brominating 
process, after purification, when deflagrated with nitre and caustic soda, 
yield much Br to reagents. 

10 germ. of the above purest preparation (ox) were finely powdered 
and added little by little to about half a pint of ether, coloured with 
Br; a little Br was added as often as the solvent action upon the phre- 
nosine became slower. Finally a brilliant solution was obtained. ‘To 
this about an equal volume of water was added, whereby a gelatinous 
precipitate was produced. Caustic potash was next added and the 
mixture shaken till the colour of Br was destroyed and the solution was 
alkaline. After some repose the mixture consisted of three layers, the 
one uppermost being ethereal and clear, the second one containing the 
eelatinous body in suspension, and the third being a watery solution of 
K Br and excess of alkali. The ethereal layer was syphoned off, washed 
with water, and then allowed to evaporate spontaneously. A homoge- 
neous white mass was left, which was dried under the air pump over 
H,S O, light being excluded. 


Analysis —0°7205 grm. were fused with caustic soda and nitre, and 
dissolved in water; silver nitrate in excess was now added and then 
nitrie acid in excess. The mixture was heated to boiling, and the 
Ag Br filtered and washed, and weighed 0°2400 grm. equal to 
14° hi *} Bre 

A ronobrominated phrenosine requires above 11 °/, of Br ; a mixture 
of one molecule of monobrominated with one molecule of dibrominated 
phrenosine | 

C4, Hes Bry N Os 
C3, Heg Br N 6 


requires 16°83 °/, Br. The above product is therefore such a mixture, 
in which the monobrominated body prevails. The reaction with Br is 
thus shown not to be simple, but to yield at least three bodies ; of these 
the gelatinous body has not yet been any further analysed, as its isola- 
tion and purification is a matter of extreme difficulty. Nevertheless, 
experiments with large quantities of material promise interesting 
results. 


Phrenosine and Iodine.—An ethereal solution of iodine was not dis« 
colouved by powdery phrehosine (same preparation as used with Br), 
and the phrenosine did not dissolve. After six weeks’ contact the 
ethereal solution was allowed to evaporate spontaneously and left no 
residue. Therefore, under these circumstances phrenosine and iodine 
do not react upon each other. 


Phrenosine and Sulphurie Acid in Alcohol.—10 grms. of the prepa- 
ration C3, Hg, N Og were dissolved in 3 Litre of hot spirit of 85 °/, 


Dr. Thudichum: | 
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fteducing body. 
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and 8 cc. of oil of vitriol added. The mixture was gently boiled for 
one hour and became coloured red. When allowed to cool it curdled 
immediately to a mass of fine microscopic crystals. These were removed, 
pressed, and dried, and are named hereafter : first deposit. The filtrate 
from this was evaporated and furnished. the second deposit; and the 
filtrate from this, on much concentration, yielded the third deposit. 
The mother liquor was very acid, and contained much sulpho-vinic acid, 
as was proved by treatment with baryta, crystallisation, &c. It con- 
tained no body in solution which reduced alkaline copper-solution. 


Analysis of first deposit :—(1.) 0'4690 grm. dried at 80° C gave 
1°1142 grm. C O, = G4'791 °/, C, and 0°4676 grm. H, O=11°077 grm. 
H. 

(2.) 0°5466 germ. gave 8'6 c.c. gas at O°C and 760 m.m. = 1°96 °/, 
Ne 











In 100°. - by Ak Wts. — by N ms ik 
C  64°791 0 °399 38°55 
Ley, ae O77 Ivo é 79°12 
N 1°960 °140 1°00 
O 222 4(2 1°3885 9°89 


leading to formula Cy Hy) N Ojo, a formula which approaches remark- 
ably to some of the myelines, phosphorus deducted. Under the influence 
of heat the body behaved like the original phrenosine. It seemed to be 
more soluble in ether than the original phrenosine, and was better 
crystallised. The action of sulphuric acid therefore seems to be in 
the direction of the removal of the nitrogenous nucleus. But it is 
evidently very complicated, for while the first deposit was soluble only 
in hot alcohol, the third one was entirely soluble in cold absolute 
alcohol, while the second deposit observed an intermediate solubility. 
Several bodies are therefore produced, which, though they crystallise, 
can be separated only by operations on much larger quantities than 
were at my disposal. 


Phrenosine and Sulphuric Acid in Water.-—About 1 grm. of phre- 
nosine was placed in cold water and boiled until diffused; 5 grm. of 
H,S O4 were now added, so that the whole solution was about 50 grm. 
The mixture was boiled. The phrenosine coagulated at first, and on 
continued boiling changed in appearance, contracted, and floated on the 
surface. ‘The insoluble matter was collected on ‘a filter and washed. 
(White product; it gave no reduction with cupric solution.) The solu- 
tion was boiled with Ba C Og until neutral, filtered and evaporated to 
near dryness, and deposited a white scaly matter. It had no taste, and 
particularly no sweet taste, and was not syrupy. It reduced cupric 
oxyde, the suboxyde falling in yellow flakes, different from that pro- 
duced by sugar; a secondary deposit settled on yellow suboxyde. It 
gave no reaction with iron chloride or gold chloride. Caustic potash 
and heat made the solution slightly coloured yellow, but not brown, and 
there was no smell of caramel, but on cooling a darkish precipitate 
occurred. This reaction also is evidently too complicated to be satis- 
factorily studied on small quantities. 


Phrenosine and Hydrochloric Acid.—About 1 grm. was placed in a 
flask with H Cl and heated ; it frothed a good deal and formed a red 
solution, the phrenosine swelling greatly. The swelled mass isolated 
and washed with water was found for the most part soluble in cold 
absolute alcohol. ‘Phis solution evaporated to a low bulk deposited in 
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the form of microscopic needles, which when dry fused about 100° C, 
and became brownish at 125°; on cooling they were like wax, evidently 
a body differing greatly from the original phrenosine. The hydro- 
@itotte acid solution, after hentvalisation tested with Fehling’s test, 
reduced the copper, but unlike sugar, the cuprous oxyde fulling in 
flakes, as in the reaction with H,8Q,. Possibly there are here “two 
bodies of which one flaky causes the Cu, O to assume the flaky shape. 


Action of Heat upon this Phrenosine-—0O*5290 grm. lost on drying 
between 18° and 70° C. 0:0084 hygroscopic water, and the remaining 
0:5206 grm. were consider ed as dry substance. After two hours’ ex- 
posure to a heat of 97°C. in a lar ge air-bath it became slightly yellow, 
and had lost 0:0016 grm. After three hours’ exposure to 101° it had 
remained of the same colour and weight. After two hours’ exposure to 
145° it had become very dark, almost black in colour, and superficially 
fused, and had lost 0°0080 grm. After heating to 158° during three 
hours it had become thoroughly fused, and of a reddish almost. trans- 
parent aspect ; it had lost 0-0120 germ. in weight. After four hours at 

177° C. it had become blacker and less transpar ent, and gave out @ faint 
ae of burnt meat ; it had lost at this stage 0°0317 orm. Thus the 
phrenosine had lost in four stages 0°0533 grm., or 10°2 °/, in weight. 
Taking atomic weight of C3, Hg, N Og as 617, this loss, considered as a 
loss of water only, amounts to 3°5 atoms H,O very nearly. After 
ecoling it was hard and brittle. On boiling a piece in absolute alcohol 
only a ‘trifling amount of matter dissolved, colouring the solution slightly 
yellow. On the other hand, it readily dissolved in ether; the solution 
had a dark reddish brown colour. 

A little of the same phrenosine was heated in a test tube over the 
naked flame. . It fused, turned dark, and evolved water with ebullition, 
similar to sugar passing into caramel. The water which condensed in 
the upper part of the tube had an acid reaction and reduced copper solu- 
tion. ‘The fused matter became hard on cooling, was but slightl 
soluble in boiling alcohol, but readily soluble in ether; from the latter 
solution it was reprecipitated by alcohol. 


Phrenosine and Chromic Acid.—Trituration with an equal bulk of 
crystallised chromic acid produces a mass which, soft at first, and 
smelling of butyric acid, becomes soon solid, and afterwards can be 
powdered. Is easily soluble in cold absolute alcohol, and after standing 
in a beaker for a few days a gelatinous cake is formed. (Chromate of 
phrenosine?) ‘This when heated gives out fumes, and then suddenly 
deflagrates, sometimes throwing particles about, leaving chromic 
oxyde. Boiled with water it forms a plastic mass on the water, which 
after washing is partially soluble in alcohol, partially in ether ; another 
part is insoluble in both solvents, and consists of a compound of chromic 
oxyde with some organic matter. . 

Phrenosine dissolved in glacial acetic acid with the aid of a little heat, 
is easily attacked by crystallised chromic acid added to the solution. 
Much gas is evolved, the solution becomes green, and on cooling 
deposits some product in flakes. Water added to this solution produces 
a copious precipitate of dark green flakes. 


Phrenosine and Alkaline Permanganate.—Phrenosine, boiled with 
alkaline permanganate, decolourises the latter ; green at first, the liquid 
becomes brown with manganic oxyde. Flakes of decomposition products 
are formed, and the liquid remains turbid. 


Phrenosine and Lead Peroxyde.—Phrenosine triturated with lead 
peroxyde produces no reaction ; none on boiling with water or dilute 
TH, SO, 
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Reactions with Water, Aleohot, Caustie Baryta, Lead and Copper 
Acetate.—Boiled in water it swells, and forms, with the aid of agitation, 
a thick white paste. Baryta water added to this, while hot, forms an 
immediate curd, which can be filtered, but not washes as water causes 
it to swell and filtration ceases, and the rest of the fluid becomes clear. 
Later, the white flocculent precipitate settles. In the watery solution 
lead acetate forms a thick curd, which contracts when the mixture is 
boiled, and is suspended on the top of the fluid or settles. This has 
smaller bulk than the baryta precipitate ; it can be washed with cold or 
hot water for some time, during which it loses lead. In alcohol of 85 °/, 
phrenosine dissolves completely on heating. In this solution afew drops 
of baryta water cause an immediate white flaky precipitate. By a 
sufficient amount of baryta water, added if need be after filtration, a 
point is reached where baryta water ceases to produce a precipitate. 
The liquid on cooling sheds a precipitate, soluble on boiling, being a 
small portion only of the substance originally employed. Alcoholic lead 
acetate also causes an immediate copious white precipitate in the hot 
alcoholic solution, insoluble on boiling; another precipitate after filtra- 
tion, until the acetate leaves the liquid clear. ‘The filtrate deposits some 
white matter on cooling. ['This reaction is very curious, considering 
the mode of preparation.| Boiled in water, and treated with cupric ~ 

acetate, it yields a copious light blue coagulum. ‘This remains bluish 
green during washing, and does not swell. 


Bearing of the Lead and Copper Compounds during Washing with 
Water.—By prolonged washing with cold water they always yielded 
clear solutions, which, with ammonium sulphide, gave a brownish 
colour, but no precipitate on standing. ‘This showed that. the com- 
pounds were a little soluble in water, and like the kephaline compounds 
coloured, but not decomposed by N H, H,S. 

A quantity of lead salt, prepared by acetate from phrenosine swelled 
in water, was washed for two days, the filtrates containing metal to the 
last. 

0°5160 grm. dried at 100° (at which T. the salt was pasty) gave 
9°0396 grm. PbS O, = 5°24 °/, Pb. 

A quantity of copper salt, prepared exactly like the lead salt, from 
{ grm. of dry phrenosine, after washing during two days, had lost so 
much substance that only 0°859 erm. of dry compound were obtained. 

04592 grm. gave 0°0364 grm. Cu O, equal to 6°32 °/, Cu. 

These percentages of Cu and Pb do not admit of any theoretical 
explanation at present. 


Indefinite Cerebrine Preparations, showing Peculiar Bearings of this 
Substance by itself, in Mixtures, or with Reagents: 


(1.) Cerebrine (Ox ; third portion of No. 12, before Stearoconote). = 


This was dissolved in hot benzole, and precipitated by alcohol of 85 °/,, 


washed therewith and dried over H,S O,; It was placed in ether, and 
shaken therewith repeatedly at the ordinary temperature; it became 
somewhat flaky in the ether. The ether extract, on distillation, left a 
féw milligrammes of matter, which was soluble in hot alcohol, but 
deposited from it, on cooling, (cerebrine, myeline. or kerasine?). The 
cerebrine thus extracted with cold ether was now boiled ina great excess 
of ether, and filtered hot. From the filtrate a few unweighable particles 
Separated on cooling. The filtrate was now distilled until it left a very 
small residue ; this. deposited on cooling a minute quantity of white 
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particles, soluble in hot alcohol, apparently cerebrine. Indeed, the  Arr.No.5. 
extracted matter was so small in quantity that the extraction with on the chemicsi 


ether was not continued. The cerebrine was analysed. Constitution of 
the Brain, by 


A nalyses joes Dr. Thudichum. 


Dried at 60° to 70°. Analyses. 
(1.) 0°4423 erm. gave 1:0710 erm. CO, = 66°04 °/, C, and 0°4349 ©. 
erm. H,O equal to 10°92 °/, H. H. 


_ (2.) 0°3786 grm. gave 5°6 ¢.c. N normal, equal to (after correction 
for a trace of nitric oxyde) 1°84 °/, N. 

(3.) 1°8706 grm. fused with nitre, &c., gave 0°0184 grm. Me, P, O,, 
equal to 0°27 °/, P. P. 
The presence of P having been previously ascertained by qualitative 
testing only, its amount was expressly estimated on a large quantity of 

material. : 
Summary :— 
°/, found. 


C 66°04 
H 10°92 
N 1°84 
Pp 
O 





0°27 
20°93 





100°00 





Tf we neglect the P, the other figures lead to an empirical formula 
Co Hyg N Ojo, which is not greatly altered if we deduct with the phos- 
phorus a quantity of the other elements corresponding to myeline. 

This experiment is stated only because its results are so consonant 
to the experience of former observers; the substance repeats the 
peculiarities of Couerbe’s cerebrote, Frémy’s cerebric acid, Gobley’s and 
Lhompson’s cerebrine, Bibra’s cerebric acid, and yet is unquestionably 
impure cerebrine, that is to say, a peculiay cerebrine with a large number 
of carbon atoms, to which a small quantity of myeline obstinately adheres, 
so that it cannot be removed by cold or boiling ether applied in any 
quantity. By further experiment it was found that the myeline can 
be removed from the cerebrines only by dissolving them in hot absolute 
alcohol, allowing the cerebrine to deposit on cooling, and thereby 
keeping the myeline in solution. By repeating this process sufficiently 
often, cerebrines free from phosphorus are ultimately obtained. Mere 
washing or boiling with ether does not remove the whole of the myeline, 
because this body is very little soluble in ether, and because it is pro- 
bably mechanically enclosed by the cerebrine. 

The bulk of the foregoing preparation was unhappily lost by an 
explosion and fire which occurred during the progress of its purifica- 
tion. 
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Kerasine.—Cy4g Ho, N Op. 


This body belongs to the group of substances resembling cerebrine 
and phrenosine in general characters, but differing from it by well 
defined peculiarities, particularly by its late deposition from alcoholic 
solution, the form of its crystallisation, and its ultimate composition. 


Mode of Isolation.—The ox white matter, which had been extracted 
with ether, and dried, was pulverised and dissolved in hot absolute 
alcohol, the solution was decanted from the fused mass of stearoconote 
and kephaline which formed, and allowed to deposit the dissolved 
matter by cooling. The deposit formed after the first hour was isolated, 
as was also another which formed after the second hour, a third gela- 
tinous looking precipitate formed over night, and from this the absolute 
alcohol solution was filtered. On standing for a few days in stoppered 
bottles this solution deposited a gelatinous membranous mass, mainl 
consisting of kerasine. ‘This was removed by the filter, and the filtrate 


which contained much myeline in solution was treated with Cd Cl. 


The white bulky precipitate of myeline CdCl, was filtered off, washed, 
exhausted with ether, and further treated as has been described else- 
where. Jt may be mentioned here that the principal bulk of myeline is 
obtained in this manner and at this stage. ‘The alcohol filtered from 
the myeline Cd Cl, precipitate after concentration deposited a mixture 

ot Cd Cl, salt, cholesterine, cerebrine, and kerasine, the latter two being 
present ia very small proportions. 


Mode of Purification —VWerasine obtained as above is a soft white 
gelatinous mass, consisting of larger and smaller balls, which under the 
microscope are seen uniformly to consist of wavy masses of needles so 
thin that it may be said they possess only one diameter, namely, length. 
The gelatinous state is apparently entirely due to this peculiar ity of the 
fine needles enclosing a large amount of alcohol. No amorphous matter 
whatever is seen mixed with it, but here and there a few rosettes of 
cerebrine, strikingly differentiated from the kerasine. 

The whole of the kerasine was dissolved three times in boiling 
absolute alcohol, and after cooling to crystallisation washed and pressed 
free from mother liquor. ‘This after the third operation was free from 
myeline, as shown by the absence of reaction with Pt Cl4, Cd Cl, and Pb 
acetate, which give precipitates in even dilute solutions of myeline. The 
solution of kerasine was also free from myeline, Cd Cl, giving no pre- 
cipitate with it. 

The kerasine was now dissolved in a fourth quantity of pure absolute 
alcohol, and allowed to erystallise. It was found by microscopic exami- 
nation that after three hours much kerasine in wavy crystallised 
masses, but no cerebrine in rosettes, had been deposited. ‘The crystals 
were consequently isolated, pressed, again recrystallised, collected on a 
filter, and dried in vacuo. ‘This preparation only (1267) was analysed 
with the result stated below. 
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After this preparation had been removed, at the end of the third Avr. No.6. 
hour, from the mother liquor, the latter, on standing, deposited a mix- On the Chemical 
ture of much kerasine in wavy needles, with some rosettes of cerebrine. peisage ear: 

j ; E Is he Brain, by 
This mixture could by recrystallisation not be completely separated. A. br. Thudichum. 
third ultimate precipitate seemed to consist mainly of cerebrine, with 
much kerasine, which could also not be purified by mere recrystallisa- 
tion. ‘These preparations were therefore put aside for future treatment 
(1267 ; 1268; 1269). 


Properties of Kerasine.—Easily soluble in hot absolute alcohol, with- 
out leaving a trace of stearoconote. With H, S O, and sugar gives a 
purple test, which is mainly due to the production of purple particles, 
and not or only little to the production of a purple solution. Shrinks 
on drying by loss of enclosed alcohol to a very small bulk, and then 
becomes waxy, semitransparent, hard and horny. When quite dry is 
easily powdered, yielding a perfectly white powder. Lasily dried at 
100° C without any change. 


Analyses.—(1.) 0°3670 grm. gave 0°9210 grm. C O, = 68°446 °/, C 
and 0°3764 H, O = 11:395 °/, H. 

(2.) 0°5470 grm. gave 8°5 cc. gas at 18°C and 770 mm. B. K HO 
column = 16 m.m. Hg equal to 7°6 ce. N normal = 1°738 °/, N. 





Summary :— 








°/. found. = by At. Wts. = by N=1. 
C 68°446 5*704 46°0 
H 11°398 11°395 92-0 
N 1°788 0-124 1°0 
QO 187421 1151 J°2 
100-000 





leading to formula Cyg Hy, N Og. This formula is given with all reserve. 
The analyses are not controlled by repetition, the molecule is with 
difficulty only determined by one atom of nitrogen united with so much 
carbon as to represent 46 atoms. But the purity and uniformity of the 
substance must be insisted upon, ‘There is probably a large quantity of 
it contained in the cerebrine matters, which are soluble in boiling 
alcohol, and contain no phosphorus. The third deposit indeed is always 
greatly gelatinous ane iridesces blue like kerasine. But to effect a com- 
plete separation of these substances is a matter of great difficulty, and 
we must therefore direct our attention at first upon obtaining pure sub- 
stance at all, by manipulating large quantities of products, then the 
study of the pure bodies will undoubtedly lead to effectual methods of 
complete separation. 


Experiment with reference to Olto’s Cerebrine.—The question was 
whether by addition of baryta-water to an alcoholic solution of mixed 
cerebrine bodies the cerebrine, phrenosine, and kerasine could be 
precipitated, and the cerebrine free from nitrogen, described by Otto, 
could be obtained. Some crude cerebrine mixture, fully extracted 
with ether, was used for the experiment. The mixture was obtained 
from both (ox) white and buttery, matter, by ether, which deposited 
the cerebrine, &c., on cooling in the shape ofa disc. All myeline 
was now extracted by dissolving the matter thrice in hot absolute 
alcohol and filtering the deposit. The deposit was again dissolved in 
hot absolute alcohol and tested as follows. | 


N 2 
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Experiment showing that Water added to this Solution produces no 


On the Chemical Precipitate while hot.—A portion of the solution was mixed gradually 
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with hot water until it became permanently turbid, which required more 
than one-fourth the bulk of the alcohol; no precipitate ensued. On 
cooling the solution set into a gelatinous mass of hydrated cerebrine, 
&e. This proved that the water to be used in the baryta water in the 
following experiment could not be instrumental in producing the pre- 
cipitate. 

Experiment with Baryta-Water.—The bulk of the hot solution was 
now treated with cold baryta water, added drop by drop as long as a 
precipitate formed. ‘The precipitate immediately on formation was 
white and granular, but after subsidence caked together and became a 
soft viscous flowing mass like stearoconote, which adhered to the glass, 
The liquid was decanted and filtered hot. 

The Precipitate was a plaster-like mass, which set on cooling into a 
hard solid mass, and after drying was easily powdered. It was a baryta 
compound, or mixture of baryta compounds, and on analysis was found 
to contain much Ba, 

The Filtrate deposited on cooling a trifling amount of white flaky 
matter, which was isolated by filtration, washed with alcohol, dried, and 
analysed for nitrogen by combustion with copper oxyde with all pre- 
caution. It contained two per cent. of N.. One analysis absorbed all 
the material, which amounted only to a few per cents. of the matter 
which had been precipitated by baryta water. 

What is proved by this experiment is that after complete precipita- 
tation by baryta-water the solution does not deposit a cerebrine body 
free from nitrogen. ‘The experiment is not entirely paralled to that of 
Otto, who used, as he says, excess of acetate of lead with his brain-pulp, 
which was not used in my case. But it is not stated by Otto how 
this excess of lead-salt was admeasured or ascertained, and it is not 
easy to see how, if it had actually been used, any cerebrine whatever 
could have been obtained by boiling the insoluble product of the lead- 
treatment in alcohol. Further, Otto does not state the method by which 
he proved the absence of nitrogen from his product. 1 am therefore 
inclined to think that he overlooked the nitrogen, perhaps in testing his 
substance only qualitatively by the potassiuin test. 


§ SUMMARY. 

The foregoing research is a contribution towards a system of chemical 
statics of the brain, and occupies itself with brain matter as a whole, 
without separating white from grey matter; it isolates and scrutinises 
the several chemical constituents of nerve-matter, and endeavours, by the 
study and consideration of the peculiarities of each, and their combi- 
nation, to obtain sufficient insight into normal and abnormal chemical 
functions to enable us in time to guide or to correct them. 

It is thus found that this apparently so simple nerve-marrow is a com- 
pound and mixture of a large number of heterogeneous principles arranged 
in such a manner as to vanish completely from appearance as chemical 
individuals ; the compounds so interpenetrate each other that the 
resulting material is apparently homogeneous, during life completely so, 
when seen with high powers of the microscope, and although in death 
the homogeneity partly vanishes, yet even the appearance of the cylinder 
axis cannot be utilised chemically at present, and the isolation and recog- 
nition of any ingredients is entirely dependent upon most circumstantial 
chemical proceedings, 
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During these proceedings the first striking fact which meets the 
inquirer is that nerve-matter contains abundance of water. This, in 
conjunction with the peculiar manner in which the water is contained, 
engenders a mobility of ultimate particles within certain limits of 
movement. It also gives penetrability by liquid diffusion, while ex- 
cluding porosity and its capillary effects; by which means a ready 
nutrition by diffusion in one direction, and ready cleansing from 
the effete crystallisable products of life in another, are ensured. 
Consequently the brain as a whole is essentially made up of colloid 
matter, and may be compared to a colloid septum, on the one side of 
which is arterial blood and cerebrospinal fluid of the ventricles, on the 
other side however, is cerebrospinal fluid of the arachnoideal space and 
venous blood. It follows from this that the large amount of water 
present in the brain, is not there so to say mechanically only, like water 
in a sponge, and capable of being pressed out mechanically, but is 
chemically combined as colloid hydration water, or better, water of 
colloidation. 

All soft organs of the body contain about three quarters of their 
weight of colloidation water, fixed within the organised limits of cells 
and fibres of all kinds. Cells and fibres are thus apparently not very 
different in respect of their mechanical condition from brain matter. 
Indeed the difference is less in the manner of the condition than in 
the agents by means of which the condition is brought about. It is 
in effect mainly by the number and nature of these agents that brain 
matter is distinguished from other colloid tissues. It contains a con- 
siderable amount of an albuminous base. Whether this is distributed 
in the form of sheaths to fibres of nerve marrow, or whether it is laid 
into hollow spaces between the fibres, and acts as a cement, whether 
itis mixed or combined chemically with the rest of the matters 
constituting nerve marrow, cannot be here discussed. It may be 
present in all forms, but does not seem to be present in a liquid 
unattached form, as in serum. It appears that the bearing of soluble 
albumen when placed in presence of some of the peculiar brain matters 
changes from that which it ordinarily observes, no doubt by an in- 
fluence of these brain matters amounting almost to combination. The 
bearing of albumen in the brain being thus seen to be governed by the 
matters peculiar to the brain, the present research has in the first in- 
stance not been directed upon the condition and nature of the albumen 
in the brain, but upon the peculiar matters which seem not only to 
govern the albumen, but by their manifold chemical affinities assist 
prominently in producing its singular mechanical arrangements, chemical 
function, and sensory, and volitional action and reaction. 

It is not asserted that these matters, or any of them, occur exclusively 
in brain matter, but being present in the nerves, they consequently can 
be extracted from all sensitive or contractile tissues. They, or some of 
them, also occur in aggregations of loose cells, such as the blood- 
corpuscles and pus-corpuscles ; others are present in serum, and others 
again in secretions, such as bile; but the quantities in which these 
bodies are met with in parts and matters other than those of the nervous 
system is very far less than that in which they occur in the nervous 
system, 

The great quantity of these matters occurring in the brain forms 
three groups; the members of one contain five elements, amongst which 
is phosphorus ; hence they may be termed PHosPHORISED BODIES. The 
members of the second group contain four elements, amongst them 
nitrogen, but no phosphorus, and therefore are termed NrrROGENISED 
BopiEs. ‘The members of the third group contain only three elements, 
carbon, hydrogen, and oxygen, present also in the other two groups, 
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Arp. No.5. but neither phosphorus nor nitrogen, and may be termed OXYGEWISED 


On the Chemical BODIES. | 

ee oF The group of the pHospHORISED bodies contains the phosphorus in the 

ihe Brain, by / ° 3 . E : , 

Dr,Thudicham. form of phosphoric acid, combined proximately with glycerine, so that 
by chemolysis they all yield glycero-phosphoric acid, but they differ in 
the manner in which they contain the nitrogen, and the acid radicles 
which constitute the great bulk of their substance, and according to 
these differences must be divided into sub-groups. We thus obtain the 
sub-groups of the kephalines, myelines, and lecithines. 

Of these the kephaline sub-group, itself hitherto unknown, includes 
members which contain the nitrogen in either one or two forms, one being 
either choline or neurine, another hitherto unknown ; and they contain 
the fatty acid radicles also in forms with which chemistry is at present 
unacquainted, and the members of this sub-group further vary in the 
amount of oxygen which they contain in a manner so as to be sharply 
characterised thereby. This variability of the constituent oxygen may 
be transitional, but must not be confounded with that remarkable 
reaction of the bodies of this group which I describe as_ their 
oxydisability. 

The myeline sub-group, also new, contains the nitrogen in two forms, 
of which one is choline, the other amide in a fatty acid radicle. The 
fatty acid radicles vary, and are mostly new forms, some known forms. 
The members of this group consequently vary in carbon, hydrogen, and 
oxygen; little in nitrogen, never in phosphorus. ‘They are not oxy- 
disable after the manner of kephaline, though there is an oxy-myeline 
after the manner of oxy-kephaline. They are the least soluble of the 
entire group, the least decomposable, and stand the highest temperatures, 
being unchanged by fusion at a heat above the boiling point of water. 

The lecithine sub-group, well known from the chemistry of eggs, is 
only with difficulty evolved from the brain, on account not only of the 
many stages of the processes necessary for their isolation, but also on 
account of a prominent feature of its members, namely, their readiness 
to decompose when in the anhydrous state. This tendency to apparently 
spontaneous lysis into proximate nuclei prevents the inquirer fixing 
properties and varieties with the same precision as in the previous 
groups ; but it furnishes a valuable key to the explanation of many 
changes in the sick body, which may arise, or have been proved to 
arise, from their decomposition. 

The chemical characteristics of these sub-groups may be summarised 
thus : the kephalines possess the tendency to be oxydised, oxydisability 5 
the myelines are not easily changed by any agent or influence, and possess 
therefore stability ; the lecithines easily fall to pieces, they are afflicted 
with lability® 

In language more technically chemical: the kephalines have on the 
outside of their molecules free affinities for oxygen ; this gas they bind 
in several ways; ‘when the oxygen, combined with a molecule has 
attained a certain quantity, the avidity (intensity of affinity) of the 
molecule increases to this extent, that it monopolises all available 
oxygen to itself until the limits of its oxydisability (at present unknown) 
are attained; until its free affinities are satisfied. Until then the rest of 
the molecules, if the supply of oxygen be insuflicient to oxydise all to 
the same point, are not oxydised. ‘The kephalines, however, are not in 
a state of atomic tension, and therefore do not fall to pieces so easily as 
the lecithines, but require for lysis the influence continued for some 
time, of powerful extraneous affinities in the presence of water and heat. 

The myelines have no apparent free affinities for oxygen ; they are 
not affected by heat to and above boiling water except to the extent of 
fusion ; their atoms are not in a state of chemical tension, hut require 
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for vibration into permanent decomposing distances the influence of strong 
external affinities, water and heat. 

The lecithines, however, are in a state of great atomic tension, and 
therefore slight external affinities or dissociating impulses suffice to effect 
their decomposition. Such a slight impulse is the attraction of absolute 
alcohol for their fatty acid radicles in the absence of external water. ‘The 
water given out by the alcohol in becoming ethylic ether serves to enable 
the radicle of glycerophosphoryle to become glycerophosphorie acid, and 
to remain in combination with the choline evolved. 

The presence of water diminishes the number or avidity of affinities in 
in all these sub-groups ; it combines itself with these bodies in a peculiar 
manner, by which they show their character as colloids, and it afterwards 
dissolves them in a peculiar and imperfect manner. When this hydric 
colloidation is at a maximum, the dissociating faculties of the members of 
these sub-groups seem to be at a minimum. The watery solutions do 
not decompose in stoppered bottles for many months ; only after six 
months some specimens so kept showed signs of decomposition or putres- 
sence. It seems therefore that water satisfies some of these affinities, and 
what is most remarkable, its influence increases and diminishes with the 
mass which is present and capable of acting, so that it displaces, when 
in quantity, other combinants, but when these other combinants prevail, 
water is itself displaced, and the colloid state instantly disappears. In 
the dilute watery solutions of the phosphorised bodies therefore almost 
every reagent soluble in water, when added in a certain excess, produces 
a precipitate, which contains the reagent in combination. But when 
water, or any watery solvent capable of dissolving the combined reagent, 
is brought in contact with the compound, the compound immediately 
dissociates ; the reagent passes into the water, part passu as the phos- 
phorised body passes into the hydrated colloid state, and if the influence 
of the water is continued by renewal, the process terminates by a com- 
plete separation ; the phosphorised body is again free and pure, and 
swells and dissolves as at first. 

The reagents with which the phosphorised bodies are thus able to 
combine, and from which they are dissociated by water, are acids, alka- 
lies, and salts. The phosphorised bodies therefore possess alkaline 
affinities (for acids), acid affinities (for alkalies), alkaloid affinities (for 
salts) ; all these affinities are overcome by water in quantity, but the 
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affinities for water are overcome by some metallic oxydes, such as of. 


lead, copper, manganese, iron, and even to a slight extent by lime and 
potash ; these latter compounds are dissociated only by strong mineral 
acids, and the compounds can then be dialysed out. All other combi- 
nants separated by water alone can be completely removed from the 
phosphorised substances by dialysis on a diaphragm of parchment paper. 
We have therefore here a diversity of affinities such as is not 
possessed by any other class of chemical compounds in nature at pre- 
sent known ; and the exercise of these affinities being greatly influenced 
by the mass of reagent, and the mass of water which may be present, 
the interchange of affinities may produce a perfectly incalculable 
number of states of the phosphorised and consequently of brain-matter. 
This power of answering to any qualitative and quantitative chemical 
influence by reciprocal quality or quantity we may term the state of 
labile equilibrium ; it foreshadows on the chemical side the remarkable 
properties which nerve-matter exhibits in regard of its vital functions. 
From this it also follows that nerve-matter (if only as characterised 
by the phosphorised bodies) must yield obedience to every, even the 
slightest external chemical influence, which may reach it by way of the 
plood. It must take up metals, acids, salts, alkalies, and alkaloids pre- 
sented by the blood; it can retain only oxydes when the serum is again 
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free from the combinants ; a watery serum will wash the brain, a more 
watery one will make it swell and displace mechanically within physio- 


logical limits what it can; a still more watery one will make the brain 


dropsical and produce all the conditions. of mechanical pressure on the 
brain. All these processes are the necessary consequences of the affini- 
ties of the phosphorised substances, and these being known the phe- 
nomena could be predicted, if they were not sufficiently known as 
phenomena, though hitherto destitute of an explanation. ‘Thus the 
so-called brain-fungus, the continued protrusion of brain-matter through 
apertures of the skull produced by mechanical injuries, may in certain 
cases find a physical explanation in simple excessive hydration of the phos- 
phorised (and nitrogenised) principles, producing general intra-cranial 
pressure. 

These few examples show that the acquisition of chemical statics 
leads almost necessarily and very easily to chemical dynamics of the 
brain; and these will in their turn furnish data for physiological 
and pathological conclusions. But these deducive arguments must 
be most sparingly and cautiously used, until the statics are in a state of 
perfection and completeness. To argue too far from incomplete data 
would, seeing the history of biological chemistry during the last thirty 
years, be a deplorable error. 

The NITROGENISED substances of the brain imitate in many respects, 
but in a lesser degree, the properties of the phosphorised. Thus they 
have the affinity for water to the extent of swelling to gelatinous 
masses, but they do not go to the state of apparent solution, and do not 
pass paper filters under any pressure. They are insoluble in ether, 
cold benzole, cold alcohol ; dissolve in hot benzole or alcohol, and are 
deposited on cooling almost entirely. ‘Therefore as compared to the 
phosphorised bodies, their chemical character is slight solubility ; from 
their hydrated colloid state they are also reduced to a more compact 
and combined one by many acids, alkalies, and salts, and they retain 
many oxydes in combination. Water has the same dissociating influence 
upon these as upon the compounds of the phosphorised principles. 
There are, however, slight differences. he nitrogenised bodies are all 
firm compounds, and do not easily oxydise or decompose. ‘Their atoms 
show very little tension; but they possess substitution poles, where 
hydrogen is replaceable by metalloids, or compound radicals ; and these 
compounds seem more stable, and to admit of isolation to some extent, 
while the compounds with salts, oxydes, or acids, are so unstable as not 
to admit at present of quantitative definition. 

The members of both the phosphorised and nitrogenised groups are 
all, as stated, strictly colloid, and do not pass through the septum of a 
dialyser. In accordance with this they show only little tendency to 
erystallise under any circumstances; several have not been observed 
crystallised or crystalline at all, e.g., the kephalines and lecithines; the 
cerebrines and phrenosines may be just termed crystalline when slowly 
deposited from alcohol ; the myeline and kerasine are undoubtedly crystal- 
lised when deposited slowly from alcohol, but the forms are microscopic. 

The presence of a trace of water effaces all crystalline forms, and 
leaves the shapeless colloid. ‘Thus the definition by Graham of colloids, 
which did not exclude their power to crystallise under limited condi- 
tions, is fully borne out by these cerebral principles. 

The third group, isolated, but not specially discussed or studied in 
the research, that of OXYGENISED principles, consists mainly of alcohols 
with very slight combining power. The most prominent one of these, 
both as regards quantity and appearance is cholesterine. Discovered 
originally in human gallstones, and erroneously believed to be a fat, 
this principle received the inappropriate name which hides its signi- 
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ficance and character. Insoluble by itself in water, it is probably dis- 
solved in brain matter by means of the phosphorised substances. Its 
bearing is therefore governed and its role determined to a great extent 
by these matters. But its intrinsic chemical dynamis is probably also 
independent, to some extent, as its atomic weight is very high. As an 
alcohol it is monodynamic, and if it did combine with acid radicles 
naturally would therefore give rise to one class of ethers only. If such 
compounds exist in the brain, they must be in a state of high atomic 
tension, and fall to pieces by the mere fact of the application of solvents. 
These and other questions concerning this class of bodies, belong pro- 
perly to the chapter of chemical dynamics upon which this research 
has had no opportunity of entering. The other oxygenised principles 
have not even been treated statically, and are therefore not disturbed 
from their historic slumbers. 

There is met with at almost all steps of the separation of the ingre- 
dients of white matter, a substance distinguished by fusibility and 
insolubility in boiling alcohol, which by Couerbe was named stearo- 
conote. Although not treated of in the present research a few explana- 
tory notes regarding it may properly be given in this place. When 
white matter is placed into a quantity of hot alechol, most cholesterine 
and lecithine and some cerebrine dissolve, but the other phosphorised 
and nitrogenised matters immediately fuse into a plaster-like mass, which 
is then practically insoluble in boiling alcohol. There is therefore here 
an attraction produced by the fused state which removes the solubility 
of some of the ingredients of the mass in alcohol. When the principal 
matters soluble in ether, @e., the kephalines, are now extracted, the 
fusibility is diminished, and some of the cerebrines dissolve more 
freely in hot alcohol. Stearoconote, however, still forms, and is now a 
reaction mainly of myeline and the cerebrines. When all myeline is 
separated from thé cerebrine group of bodies, their power of forming 
stearoconote is depressed to a minimum, but not entirely removed. 
Myeline by itself also retains this tendency of forming a fused mass 
insoluble in boiling alcohol, which in the text has been termed a ten- 
dency to stearoconotise. ‘The phenomenon seems to be compound, and 
not simple, and to consist in essence of a molecular change without 
attendant change in quantities of atoms of elements. Jor I have found 
that some stearoconote, free from phosphorus could by treatment with 
benzole and little hydrochloric acid be transformed into cerebrine, which 
on elementary analysis was found to have the same empirical compo- 
sition as the stearoconote from which it was made. In this case no 
separation of a base from the cerebrine could be proved to have taken 
place. In other cases it was found that the stearoconote obtained its 
solubility in alcohol without the intervention of acids, by standing in 
benzole, in which it is easily soluble. Again, in other cases it was 
probable that the stearoconote was really a compound of some nitro- 
genised body with a mineral base, and bodies resembling the stearo- 
conotes in some respects, but not in all, were produced by adding bases 
to solutions of the cerebrine series. On the whole, then, “ stearoconote ” 
does not seem to be a chemical individual differing from the other bodies 
described, but a function of several bodies, which pass into that state 
by a molecular change, which change can be made to retrograde into the 
originally soluble condition. 

The function is a result of chemical and physical influences acting 
simultaneously (alcohol and heat) and is apparently not obtained by 
either influence separately. Stearoconote seems, therefore, a product, 
and not an educt ; but it is indirectly important, as showing that there 
is some peculiar attraction or mutual influence between the bodies of the 
two great groups. In white matter where those brain-principles are all 
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Arp. No.5. mixed together nearly in their original proportions (only lecithine being 
On the Chemical Much-diminished in quantity) the above influence has its highest intensity. 
Constitution of ‘The function diminishes with increased separation, @.¢., increased purity 
e Brain, by : ‘ : ‘ te 
Dr. Thudichum. of educts. It is entirely lost in some of the educts, when they are in the 
pure state; thus pure kerasine could by no means be made to yield any 
stearoconote. But it remains with others, particularly myeline and 
cerebrine in the pure state, and is evoked when they are subjected to the 
influence of heat in the presence of a quantity of alcohol insufficient to 
dissolve the whole of the material before it has had time to fuse. Once 
fused, it seems to resist solution, even after repeated powdering to 
increase the surface for the action of alcohol, to the extent of being 
rather destroyed than dissolved. 

In the phenomenon just described we observe as the main result 
diminished or suspended solubility, that is to say, suspension of the 
lowest form of chemical attraction. In a phenomenon now to be pointed 
out, we perceive however, on the ccntrary, the production or elici- 
tation of a solvent power of a kind hitherto quite unknown in animal 
chemistry. ‘The phosphorised bodies, when combined with metals or 
metallic salts, in the presence of ethylic ether, and whether dissolved in 
it or not, cannot be separated from these metals by hydrothion. The 
dissolved compounds assume the colour of the respective sulphide, and 
remain dissolved ; the compounds insolable in ether immediately pass 
into solution when the hydrothion gas is passed through the mixture. 
Thus, cadmic chloride compounds dissolve with a canary yellow colour ; 
platinic chloride compounds with a dark brown colour ; lead compounds 
with a red or blackish-red colour. The compounds can be partially or 
entirely precipitated by water, or alcohol, or ammonia, &c. They contain, 

- in addition to the phosphorised body, in the cases of chlorides, chlorine and 
sulphur, besides metallic sulphide; in the case of metals like lead, 
metallic sulphide and sulphur. Their complication places them at present 
beyond the reach of stoechiometric treatment. 

When once thus combined with sulphur (or hydrothion) and metallic 
sulphide, or with these and chlorine in addition, and precipitated and 
isolated, the phosphorised bodies can by no means ordinarily at hand 
‘be again obtained in the free state. They then behave, as they do in 
solution, somewhat like combinations of mercaptans with metallic 
sulphides. The compounds with metals of the phosphorised bodies can 
be decomposed by hydrothion only while suspended in water; the 
product, a mixture of metallic sulphide with the respective body, must 
then be washed with water until pure, and the respective body extracted 
by a suitable solvent. 

The obstacles which these extraordinary properties of the chemical 
principles of the brain throw in the way of chemical procedure are 
perfectly indescribable. ‘To use a simile from military life, the biologist 
who attacks his problem in front is beaten off at all points ; he can only 
conquer it by flanking on long and circuitous routes, and by the use of 
instruments of warfare which are either new or superior to those hitherto 
in use. 

These difficulties increase with every step which leads nearer to the 
consummation of the purpose, and are greatest at the point where the 
isolated chemical individuals are to be freed from the last traces of 
admixed impurity. The very peculiarities of the principles described 
are mostly negations of the properties ordinarily relied upon as criteria 
of chemical purity. On this matter I have repeatedly dilated in the 
text, and given expression to apprehensions as well as to considerations 
calculated to remove them, As the difficulties arose they were followed 
out experimentally, one by one, step by step, to the exhaustion of the 
known means at hand, or of the new means that could be devisedi n the 


203 


time. But it must be left to the future to increase, if possible, both the 
means of producing, and also the criteria for insuring, that absolute 
purity of ultimate educts which is the condition of certainty in chemical 
science. 

It is therefore not asserted that in the foregoing research the absolute 
limits of the subject have anywhere been reached. But it is confidently 
believed that its entirety has been explored in such a manner that 
fundamental truths cannot have escaped observation, and that what 
remains to be done is essentially of the character of detail, which, how- 
ever vast by multiplicity it may become, will not alter the broad out- 
lines which this investigation has led me to state. 

While then there may be some degree of uncertainty as to the abso- 
lute purity of some of the principles evolved, there can be none as to 
their striking individuality ; and, as regards this, the positive evidence 
of their peculiar and distinctive qualities is so strong that the fact of 
their not uniformly answering to certain other criteria is, in my opinion, 
quite insignificant. | 

Thus the solubilities of kephaline separate it widely from all other 
brain matters ; its reddish colour and green fluorescence when manipu- 
lated in air cause it to be recognised in very dilute solutions. By 
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analysis it exhibits an amount of oxygen exceeding from one third to. 


one half that of other phosphorised matters. By chemolysis it yields 


not any known fatty acids, but fatty acids hitherto unknown, and a 


portion of its nitrogen also in forms hitherto unknown. 

Again, the solubilities of myeline and of its compounds admit of being 
used for its easy and complete separation from kephaline on the one, 
and lecithine on the other, hand. Its positive properties all exclude 
kephaline and lecithine easily, less easily the bodies of the cerebrine 
group ; but these are entirely differentiated by benzole, to which they 
oppose a perfect insolubility. 

The separation of lecithine from kephaline must on the face of the 
processes be complete; the separation of all kephaline from lecithine is, 
however, at present not to be absolutely ensured, and the circuitous 
proceedings necessary to approach the purpose seem to be fatal to the 
stability of the principle to be purified. 

The distinction of individuals is more difficult in the cerebrine group, 
the members of which are more similar to each other in the properties 
as yet known. Of the individuality of kerasine there can, I think, be 
no doubt ; at least if strictly uniform crystallisability be of any value as 
a criterion. More doubt may be allowed in the matter of phrenosine, 
where these doubts have led me to a great number of experiments to 
establish the purity and fix the size of the molecule. As regards the 
rest of the group the information given is little more than a preliminary 
pioneering account, valid as far as it goes, but not in any particular of a 
final nature. 

Such information can probably only be secured hereafter by the 
manipulation of quantities of material on a scale such as no enterprise in 
biological chemistry has hitherto had the opportunity of adopting. In 
particular it is just the necessity for the ultimate perfect purity of the 
principles to be established which creates the necessity for the manipu- 
lation of large quantities. 

It gives me pleasure to have this opportunity of acknowledging and 
recording the uniformly assiduous, able, and skilful help which I have 
received during almost the whole of this research from my assistant 
Mr. C. T. Kingzett. 
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TITIES AND SYNONYMS. 


Note.—The substances marked with an asterisk thus* are believed to 


be now described for the first time as ingredients in brain matter. 


The 


substances marked with dagger fT are recognised as mixtures, or lack 
the characteristics of chemically defined simple bodies, and it is there- 
The educts include not only 
normal constituents, but also accidental ingredients. 


fore proposed to discontinue the names. 


SYNOPSIS OF NAMES. 


Acetic¢ acid. 

Acid, new, containing P and §. 
Acids, Liebig’s, two new. 
Albumen. 

Albuminous matters. 

Alcohol. 

Ammonia. 

Amyloidine. 


. *Apomyeline. 


Arsenic. 


. *Base, new, from kephaline. 
. *Buttery matter. 


Caseine. 


. TCéphalote. 


15. ¢Cerebrie acid. 
16. Cerebrine. 

17. *Cerebrinic acid. 
18. ¢Cérébrote. 

19. Chlorides. 

20. Cholesterine. 
21. Choline. 

22. Copper. 

23. Elaine. 

24. FE lastine. 

25. TElééncéphole. 
26. Extractives. 
27. Formic acid. 
28. *Glyceramine. 
29. Glycerophosphoric acid. 
30. *Hydrothion. 
31. Wypoxanthine. 
82. Inosite. 

33. Iron. 

34. *Kephaline. 

35, *Kephaloidine. 
36. *Kerasine. 

37. *Kephalic acid. 
88. Kreatine. 

89. Lactic Acid. 
40. Lead. 

41. Lecithine. 
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42, Leucine. 

43. Leucine homologue. 
44, Manganese. 

45. Margaric acid. 

46. Margarine. 

47. Mercury. 

48. *Myeline. 

49. +Myeloidine. 

50. tMyeloidinic acid. 


51. {Myelomargarine. 
52. Neurine. 
53. TNeuroliec acid. 
D4. *Oily, last, matter. 
55. *Oleate of ethyle. 
56. Oleie Acid. 
57. QOleine. 
58. fOleophosphorie acid. 
59. Osmazome. 
60. *Oxykephaline. 
61. Palmitie acid. 
62. Palmitine. 
63. *Paramyeline. 
64. *Peroxykephaline. 
65. Phosphates. 
66. Phosphorus. 
67. *Phrenosine. 
68. ¢Protagon. 
69. *Pyrokephole. 
70. Silica. 
71. Stearic acid. 
72. Stearine. 
73. Stearoconote. 
74. Sugar. 
75. Sulphates and sulphur. 
76.. Syntonine. 
_ 77. Trimethylamine, 
78. Urea. 
79. Uric acid, 
80. Water. 
81. White matter. 
82. Xanthine. 





1. Acetic Acid (Miiller) obtained by distilling extracts to which lead 
_ acetate had previously been added, Therefore probably introduced by 
reagents, and not proved to be naturally present in brain. 
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2. Acid, new, containing P and S, found by me in human brains, app, No. 5, 
which had been preserved in spirit. The same brains also yielded |. ronical 
hydrothion and glycerophosphoric acid, from which it is probable that Chictitution oF 
the sulphur became attached to the phosphorised body as a result of the the Brame oy 
decomposition of albumen. The observation is important as bearing ~~ 
upon the analytical results of Couerbe, who found sulphur in all his 
phosphorised brain extracts. | 

8. Acids, Liebig’s two new, obtained as baryta-salts, of which one 
was soluble in aleohol. Not yet identified. | 

4, Albumen.—It is probable that the brain contains soluble albumen, 
but this has not yet been proved. 

5. Albuminous Matters.—These remain in the insoluble state after 
all other matters are extracted from the brain by alcohol. ‘They have 
been variously sought to be identified with caseine, elastine, syntonine, 
and others, but proofs are wanting. In particular Lehmann’s surmise 
of the presence of caseine in the soluble form, based upon the observa- 
tion that watery brain-extracts on heating or evaporation form skins on 
their surface similar to milk, is now of no value, since J have shown 
that most phosphorised bodies in the pure state, when heated in watery © 
solution, form these membranes. 

6. Alcohol_—Obtained from the brain by distillation after death from 
poisoning with spirit, or from chronic alcoholism, commonly termed 
delirium tremens. 

7. Ammonia.—Present in the brain of man and animals ; obtained 
from ultimate watery extracts, and found in combination with phospho- 
rised bodies in very small quantities only. 7 

8. Amyloidine (Virchow).—A matter found microscopically only, 
and not yet chemically isolated ; a product of certain diseases, particu- 
larity locomotor ataxy, in which it occurs in quantity in the spinal 
marrow. When coloured blue by iodine in the presence and under the 
influence of sulphuric acid it elosely resembles wheat starch in 
appearance. : 

9. *Apomyeline.—Probably a product and not an educt, obtained by 
boiling the myeline hydrochloride platinic chloride in absolute alcohol. 
Possibly a dissociation ensues in the boiling solution, in consequence of 
which a new platinum compound is formed, which contains and yields 
this body. 

10. Arsenic.—Found after acute and chronic poisoning. 

11. *Base, a green-coloured.—Obtained by chemolysis of some of the 
phosphorised compounds ; its platinic chloride salt 1s soluble in absolute 
alcohol, and precipitated from this by ether. 

12. * Buttery Matter—The mixture of kephaloidine, paramyeline, 
cholesterine, &c. obtained after the first concentration of the alcohol 
extracts of brains which have deposited white matter. A convenient 
term for a first crude product. 

13. Caseine (Lehmann).—Inferred from the formation of membranes 
on evaporating watery brain extracts. As most of the phosphorised 
bodies show the same peculiarity, there remains no ground for the 
surmise, except the finding of potassium albumen in the NaCl solution 
with which brain has been treated. (See my Manual, p. 86, § 6.) 

14. + Céphalote (Couerbe)—Mainly kephaline and _ kephaloidine, 
mixed with oxy- and peroxy-kephaline, their earthy, alkaline, and 
metallic salts, and much colouring matter. Stated to contain sulphur, 
probably erroneously, or if it did contain sulphur the latter was attached 
only, and not constituent. 

15. tCerebric Acid (Frémy).— A mixture of the cerebrine, 
phrenosine, kerasine class of bodies, with a certain small proportion of 
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myeline. Nearly the same as Couerbe’s cérébrote and Gobley’s céré- 
brine, Liebreich’s protagon, and Bibra’s cerebric acid. The phosphorised 
bodies met with in the brain contain from 5 to 20 times the amount of 
phosphorus which these authors found in their products. Moreover, 
none of these products could be free from cholesterine and bases. 

16. Cerebrine,—-Term first used by Kiihn for a mixture of phospho- 
rised matters and cholesterine, afterwards by Lassaigne for an alcohol 
extract of nerve substance, not any better defined. The same term after- 
wards used by Gobley for the mixture described in the previous § 15, 
containing P. Again applied by Miller to the substance free from P, 
C,, Hs; N O3. This latter terminology is applied exclusively in the 
present research. | 

17. *Cerebrinic Acid.—Term applied in this research to some nitro- 
genous compounds of the cerebrine type, containing above 34 atoms 
of C, and evineing a greater combining power with lead, by means of 
which they are isolated. tLe 

18. }+Cérébrote (Couerbe).—Mixture of bodies of the cerebrine 
type with some myeline, from which latter the mixture derives the small 


‘amount of phosphorus which it contains. Sce § 15 above, Cerebric 


acid. 

19. Clorides of Potassium and Sodium. 

20. Cholesterine.—The same as found in gallstones. This identity 
first announced by Ginelin, first proved by chemical analysis by Couerbe. 

21. Choline-——Ammonium base, discovered by Strecker as a product 
of the chemolysis of lecithine in bile.. Identical, or nearly so, with 
neurine. 

22. Copper.—Normally present, according to my researches, as a base 
in small quantities in combination with the phosphorised bodies, and 
also in somewhat larger quantities in the albuminous part. of the brain 
of both man and the ox. 

23. Elaine-—The solidified form of oleine. Doubtful. 

24. Elastine, the fibrous tissue which forms the ligamentum nuche 
and the elastic coats of arteries, is supposed by some'to be a constituent 
of the structural connective base of the brain. Lacks definite proof. 

25. }{Hlééncéphole (Couerbe). — Berzelius proposed the term 
cerebrole, which was never adopted. Mainly the “last oily matter ’’ of 
the present research, but believed by Couerbe to be a simple substance. 
It contains no doubt portions of the greater number of phosphorised 
bodies, which can be extracted from it. Cholesterine cannot be entirely 
removed from it. Its ‘oily character is probably derived from the 
presence of a considerabie amount of oleate (and margarate) of ethyle, 
formed during the processes from decomposing lecithine and perhaps 
other matters. Stated by Frémy to be oleine, but this is improbable, 
on account of data to be stated under oleate of ethyle. Gobley ang 
myself never found any oleine. 

26. Extractives.—The water extract has an agreeable odour of broth, 
osmazome of the older authors. It contains acids resembling in bearing 
those which I have described elsewhere under the name of kreatylic acid 
(from flesh), and kryptophanic and paraphanic acid (from urine). 

27. Formic Acid (von Bibra).—Found (in human brains only, Miiller) 
amongst the products of distillation of brain extracts with acid. 

28. * Glyceramine.—Probable product of the chemolysis of kephaline. 
Possibly only isomeric with Berthelot’s product of that name. ‘To be 
considered as hypothetical. 

29. Glycerophosphoric Acid.—Product of chemolysis of the phospho- 
rised substances, and therefore a proximate constituent of all of them. 
First observed by Gobley in Pelouze’s laboratory, where the acid had 
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shortly before been synthetically prepared by Pelouze. Found in 
diseased brain by Lehmann. | 

30. *Hydrothion Probably only as a product of physiolysis of the 
albuminous part of brains kept in spirit ; observed by myself. 

31. Hypoxanthine (Miiller).—Not definitely proved. 

32. Inosite (Miller) in ox brain, not in the brain of man. Definitely 
proved and isolated in relatively large quantity. 

33. Lron.—Always present in combination with some phosphorised 
bodies, and in the albuminous part. 

34. *Kephaline-—The principal and most remarkable phosphorised 
ingredient of the brain of man and the ox. Was contained in the 
céphalote of Couerbe, but missed or neglected by all subsequent 
inquirers. Occurs in part regularly combined with K, Na, Ca, Mg, Fe, Cu. 

35. * Kephaloidine.—A phosphorised body, very similar in constitution 
and properties to the former, but differing slightly by being less solid 
and cohesive. 

36. *Kerasine.—A nitrogenised body of the cerebrine type, free from 
phosphorus ; crystallises in globules of microscopic needles. 

37. *Kephalie Acid.—Product of the chemolysis of kephaline. 

38. Kreatine (Miller).—In human brains only. 

39. Lactic Acid.—Von Bibra. 

40. Lead.—In fatal eases of chronic lead-poisoning. 

41. Lecithine.—Discvovered in eggs by Gobley, who believed the phos- 
phorised matters of brain substance to consist of lecithine only, although 
he could not isolate it, and then assumed cerebrine (supposed to be 
phosphorised) to be present besides lecithine. This erroneous concep- 
tion has been maintained down to the present time by many authors, 
who admitted only lecithine, sometimes of two kinds—di-oleyl and 
di-stearyl lecithine, and entirely neglected the totally different bodies of 
the kephaline group. According to my research, lecithine is probably 
present in the brain, but is most difficult to isolate in a pure state ; it 
decomposes almost entirely during the process of purification from 
kephaline, with which it is necessarily largely mixed. Occurs combined 
with K, Na, Ca, Mg, Fe, Cu. 

42, Leucine.—Not definitely proved. 

43. Leucine-homologue, containing Cs (Miiller)—Hypothetical ; not 
detinitely proved. 

44, Manganese——Accompanies iron in the phosphorised and albu- 
minous ingredients, and is always present in notable quantities. 

45. Margarie Acid (Gobley).—According to this author, a constant 
product of the chemolysis of the viscous matter, containing lecithine, 
from brain ; obtained by Strecker from egg-lecithine. Formulx and fusing 
point of acid uncertain, which leaves the question open whether different 
brain matters do not yield different margaric acids. This acid should 
therefore not be rashly confounded with a smixture of stearic and 
palmitic acid. Ihave not as yet obtained any solid fatty acid from 
brain-matter which had a fusing point above 52° C. 

46. Margarine.—Not proved. See stearine and palmitine. 

47. Mercury.—In cases of death from chronie poisoning by mercury. 

48. *Myeline-—This name was applied by microscopists to various 
extracts of animal tissues and fluids which they examined microscopically, 
and which showed a peculiar bearing with water (swelling). These 
extracts no doubt contained mixtures of all the phosphorised bodies, but 
no single substance was chemically identified. I therefore adopt the 
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name only for my definite chemical educt, and attribute little diagnostic 
value to the microscopic myeline forms, so called, which are produced by 
most or all bodies of the phosphorised groups, and in a certain degree 
also by the bodies of the cerebrine groups. Occurs combined with 
KX, Na, Ca, Mg, Fe, and Cu. | 

49, |Myeloidine (Koehler).— A phosphorised body, found and 
analysed by this author as lead-salt ; corresponds to one of the myelines 
of my research in which N:P = 1:1. 

50. ¢Myeloidinic Acid (Koehler).—Mainly bodies of the kephaline 
group, with considerable impurities. 

51. |Myelomargarine (Koehler). — Mixture of products obtained 
by the influence of sulphuric acid and alcohol and two hours’ boiling 
upon the mixture of the cerebrine group of bodies. Said to be free from 
nitrogen, but this is not proved. 

52, Neurine (O. Liebreich).—Product of the chemolysis of the supposed 
protagon, being actually the ammonium base yielded by the myeline 
and lecithine groups of bodies, and identical with, or nearly identical 
with, choline, obtained by the same processes from the lecithine of bile 
(Strecker). 

53. tNeurolic Acid (Koehler).—A product of decomposition of 
phosphorised matters, dissolved probably in oleate of ethyle. 

54. Oily, Last, Matter.—Convenient term for the semifluid mixture of 
substances, obtained by the last evaporation of brain-extracts ; is, or 
contains, Couerbe’s élééncéphole. | 

55. *Oleate and Margarate of Ethyle—Products of decomposition 
and combination, probably. Lecithine seems to decompose easily, and 
its acids, in the status nascens, in the presence of alcohol become 
ethers. They settle as an oily matter from alcoholic solution, from 
which all matters precipitable by lead acetate, cadmic chloride, and 
platinie chloride have been removed. ‘This seems to be Couerbe’s 
élééneéphole in its purest state, and Frémy’s “oleine nearly pure.” 
Its bearing on distillation, above 360° C., is quite different from that of 
either oleine or oleic acid. 

56. Oleie Acid.—Product of chemolysis of phosphorised substances, 
notably of lecithine ; obtained always together with margaric acid, the 
latter in largest quantity on the whole. First obtained by Gobley trom 
brain-matters. | | 

57. Oleine (Frémy).— The statement of this author will be 
criticised in the survey; his analyses do not support his assumption. 
Gobley and myself never found oleine, declared by Frémy to represent 
the élééncéphol of Couerbe ; therefore, possibly, Frémy’s oleine is mainly 
oleate of ethyle, a product of the reaction between decomposing lecithine 
and the alcohol used for extraction. 

58. tOleophosphoric Acid (Frémy).— From the insolubility of 
the acid in alcohol it might be supposed that the substance was mainly 
composed of bodies of the kephaline series. But these contain all 
nitrogen ; Frémy’s body is said to have been free from nitrogen. No 
inquirer after Frémy has ever found this oleophosphoric acid, and 
Frémy himself avows that he never had it pure. He never analysed it, 
and therefore may have overlooked the nitrogen. On the whole I 
coincide with Gobley’s criticism of this acid, and, after many vain 
endeavours, abandon any further attempts at its interpretation. 

59. TOsmazome (Vauquelin). — The last water-extract, containing 
all substances soluble in water, and having while hot. a most agree- 
able odour of broth, which is much finer than that of the purest meat 
extract. | 
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60. * Oxykephaline.—A substance of the kephaline group, containing 
an atom of oxygen more than kephaline, and being more decided in its 
combining tendencies. Kephaline being somewhat oxydisable under 
the influence of oxygen, this body might be a product; but this is not 
proved, and the substance must therefore stand as an educt. 

61. Palmitic Acid—Supposed ingredient of margaric acid. See 
however, the note on this latter acid. 

62. Palmitine.—If Frémy’s derivation of Gobley’s oleic acid from 
oleophosphoric acid (should be oleinophosphoric ecid, because supposed 
to contain oleine in combination with phosphoric acid), were correct, 
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then, says Gobley, he would be compelled to derive his margaric. 


(palmitic and stearic) acid from some margarine (palmitine and stearine), 
which must be supposed to be decomposed by his process. But solid 
neutral fats have never been found in brain, and therefore the presence 
of palmitine is highly improbable. 

63. *Paramyeline-—A. phosphorised body, similar to myeline, and 
also to lecithine, but differing in particulars from both. 

64. *Peroxykephaline—-A phosphorised substance of the kephaline 
group, containing two atoms of oxygen more than kephaline, and one 
more than oxykephaline ; the most precise body of the group as regards 
its combining power, 

65. Phosphates of potassium, calcium, magnesium, and perhaps 
other metals. 

66. Phosphorus.—Early brain researches contain evidence of many 
inquiries after the form in which phosphorus is present in the brain, 

articularly search after “phosphorus as such,” or P in the metalloid 
form was made. But it is now almost certain that the phosphorised 
organic matters all contain P in the form of phosphoric acid combined 
with glycerine, and yield this nucleus by chemolysis as glycerophos- 
phoriec acid. It is, however, possible that some phosphorised matters 
contain P in two forms, of which the second, not yet fully known in 
particular, is not yet proved to appear as glycerophosphoric acid by 
chemolysis, but remains attached to one of the fatty acid radicals of 
the combination as kephalophosphorie acid. 

67. *Phrenosine.—A nitrogenised substance of the cerebrine type, 
containing only half as much nitrogen as cerebrine. Forms substitu- 
tion products with Br and NQg,. | 

68. tProtagon. (O. Liebreich).—A. mixture of much cerebrine 
phrenosine, kerasine, &c. with myeline and some kephaline, also some 
holesterine. Was, therefore, mainly Couerbe’s cérébrote, Frémy’s 
cerebric acid, but contained a little more myeline than these prepara- 
tions, which raised its phosphorus a little higher. The neurine which 
it yielded by chemolysis came from the myeline; the supposed new 
fatty acid (“vibrating mass”), a mixture of several fatty acids 
also; the sugar-like body, which reduced copper solution, came from 
the bodies of the cerebrine group. Its hydrogen was found so high, 
that it cannot be disposed off by any easy hypothesis. 

69. * Pyrokephole.—Distillation product of (perhaps impure), oleate 
of ethyle ; on analysis gives figures which show it to be empirically 


isomeric with oleic acid. Perhaps a mixture. According to Laurent, : 


oleate of ethyle distils unchanged ; according to others it decomposes 
completely. If decomposed, it is so in this case without much de- 
struction, that is to say, it is rather permanently dissociated by the 
effect of heat (thermolysed), than burned at the expense of its 
oxygen. 
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70. Stlica.—Found by some older authors ; but uncertain whether 
derived from glass and porcelain vessels or glace of earthenware. 

71. Stearic Acid (Diakonow).—Said to have been obtained by che- 
molysis of lecithine, which this author describes as containing two 
nuclei of stearyle. Not found and doubted by Strecker. 

72. Stearine.--To this substance the remarks on palmitine and 
margarine apply. 

73. Stearoconote (Couerbe).—A body obtained in small quantities 
with and from the cerebrine group of bodies; it is insoluble in boiling 
lcohol and soluble in cold benzole. Can be artificially produced from 
eerebrine bodies, which I then term ‘ stearoconotised,” and retrans- 
formed into cerebrine. Erroneously declared by Frémy to be albumen. 
Miiller’s resinous drops. Compounds of cerebrines with bases and salts 
also imitate the features of stearoconote. 

74. Sugar.—Diabetic sugar in cases of death from diabetes mellitus. 

75. Sulphates and Sulphur.—The former as inorganic salts, the 
latter in organic combination in albuminous matters; as physiolytic 
product, probably in slow decomposition of the brain, in the form of 
hydrothion, q. v. The finding by Couerbe of sulphur in his _phos- 
»yhorised bodies is no doubt an error caused either by impure reagents 
(nitric acid) or by decomposition, The normal phosphorised and nitro- 
genised brain-matters (albumen excepted) contain no sulphur, 

76. Syntonine.—Supposed to be contained in the insoluble albuminous 
residue of brain. Not proved. 

77. Trimethylamine.—Found by me in decomposing brains ; perhaps 
derived from decomposing neurine or choline (of which Mauthner 
showed that it yielded trimethylamine when kept for some time in the 
presence of putrescent matter ). 

78. Urea.—Probably always present in small quantities ; accumulates 
in diseases in the brain to such an extent that the cerebro-spinal fluid, 
in cholera for example, contains as much as two per cent. of urea, that 
is to say as much as ordinary urine. See Report, 1866, p. ; 

79. Urie Acid.—(Miller), in ox brain, not in that of man. But the 
identity is not well proved. 

80. Water.—Nearly four-fifths of the weight of the brain consist of 
water, } 

81. White Matter (Vauquelin). The total deposit from first hot 
alcohot extract of brain deposited on cooling. A. convenient designa- 
tion of a bulky crude product containing the ingredients enumerated 
elsewhere, mainly the group of the cerebrines, kephalines, myelines, 
and cholesterine. This is sometimes erroneously identified with 
Couerbe’s cerebrote and other substances already more simple. 

2, Xanthine.—A. substance like this body occurs in brain; but its 
nature is not certainly established. 





211 


IV. Historical Account of previous Researches. 





LIST OF AUTHORS AND DATES OF THEIR PUBLICATIONS. 





Hensing, 1715. Frémy, 1841. 
Spielmann, 1766. Gobley, 1846-1856. 
Monch, Gurman, Burrhus. Miiller, 1857-1858. 
Thouret, 1790, Liebreich, 1864. 
Fourcroy, 1793. Koehler, 1867-1868. 
Vauquelin, 1811. Otto, 1867. 

John, 1814. Diakonow, 1867~1868, 
Gmelin, 1826. Strecker, 1869. 

Kiihn, 1828. -Baeyer, 1868. 
Lassaigne, 1830. Klauss and Kessé, 1867. 


Couerbe, 1834. 








Tue earliest distinctly chemical fact ascertained by research conducted on 
brain matter seems to have been the presence in it of phosphorus. ‘This was 
discovered by Hens1nG, and described by him in a dissertation (Examen chemic. 
cerebri. Giessen, 1715). The discovery was no doubt made by the methods 
of Brandt and Kunkel, the discoverers of phosphorus, and was one of the 
many results of the great impulse which the then marvellous productions of 
these accomplished apothecaries had given to the study of chemistry in the 
principal European countries. Later in the same century we find SprELMANN 
(Mister. chemiz Arg. 1766, p. 204) examining the ash of the brain, and dis- 
covering in it particles which were attracted by the magnet. ‘Towards the end 
of the century destructive distillation, which had been for a long period almost 
the only chemical operation applied to organic, particularly animal, matters, 
was less frequently used. It had led to the discovery of phosphorus, and of 
the universal presence of mineral and salty particles in organized beings and 
all their hard and soft parts and fluids, particularly to the discovery of iron as 
an essential constituent of the red particles of the blood (Menghini). But its 
powers for discovery were long exhausted, and other reagents, particularly of 
the class of the acids, were applied to organic, and amongst them brain 
matters. ‘hus we learn from Soemmering’s Hirnlehre, p. 81, that MoOncu 
applied nitric acid to brain marrow, and obtained, as a product of its action, 
oxalic acid. 

(See for above quotations the notes of John to the translation of Vauquelin’s 
research (to be cited below) in Schweigger, 8. (1813) 431). 

Vauquelin, who gave a history of the chemical labours which had before him 
been directed upon the brain, was not acquainted with any of the authors just 
quoted, and gives, as the earliest observation concerning chemical features of 
the brain, that of GurMAN, relating to the prolonged conservation of brain- 
matter in the skulls of corpses. 

A more detailed appreciation of the chemical peculiarities of the brain appears 
already in the note of Burruvs, also quoted by Vauquelin, who had compared 
its ingredients to some oil and to spermaceti. xf 

The great rise of chemistry in France towards the end of the last century inspired 
the celebrated physician THoURET, the contemporary and friend of Lavoisier and 
of Vauquelin, with the desire to institute some chemical researches on the 
human body, and he was led to investigate the brain by the curiosity which 
at that time existed in Paris, by the observation that of the remains of dead 
bodies which had been exhumed from the cemetery of the Saints Innocents, 
many parts, particularly the brains, were in a remarkable state of preservation, 
although the bodies had been buried so many years, that under ordinary con- 
ditions they would have been completely disintegrated. While other inquirers 
applied themselves to the substance which then received the name of “ adipocire,” 
- Thouret (Journ. de Phys. 38 (1790) 329) made some inquiries on the brains 
which led him to the conclusion that they consisted of a soap, of which a fatty 
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App. No.5. matter, similar to, if not identical with, spermaceti, and a fiwed alkali, were the 
ates roximate constituents. 

Gp ie aise! PP hous. thissiiimadiingtemanacAan:-do gaimcie-Glieeioe van auitile cule 

eae PY im, researches on the brains of calves, sheep, and of man. He showed that the 

ao" “brain contained, as chief ingredients, an albwminous and a peculiar animal 

Supposed sper- matter, and asmall quantity of mineral salts, namely, the phosphates of ammonia, 

ee fee soda, and lime, but no fixed alkali united with fatty bodies after the manner of 

Real gh “ %3. soaps, as Thouret had stated (regarding the brains from the cemetery, which 

phates, do not appear to be fair objects of a comparison in which identity of material 
is assumed as the basis of the criticism. Th.). Fourcroy subjected brain 
matter to the action of heat, of water, of sulphuric acid, of dilute nitric acid, 

Alcohol first and of alcohol. With boiling alcohol he extracted a matter which, on cooling 

employed. of the solution, was deposited in brilliant plates of a yellowish white colour. 
This was probably the same substance as that which Burrhus and Thouret had 
considered analogous to spermaceti, and which, from the description, we easily . 

Crystals are not recognise as the substance now termed cholesterine. Fourcroy showed its 

spermaceti. differences from spermaceti, and declared its peculiarity, but without giving it 
any name. It is singular that Fourcroy, though the author of these experi- 
ments, which Vauquelin praises as the most complete and successful ever 
instituted before his own, gave no account whatever of the chemical properties 
of brain substance in the fourth volume of his work on chemistry, which was 
published some years after the publication of his essay. (I refer to the English 
translation, in 4 vols., by R. Heron. London, 1796.) 

VAUQUELIN, In 1811, VavauELin (Ann. du Mus. d’Hist. Nat., 1811, p, 212-239: also in 

1811. Ann. “him., 81,37: English translation in Ann. of Philos. 1,332; German 
in Schweigger, 8 (1813) 430-460) published a remarkable research on the 
brain and nerve substance of man and animals. . 

In order to appreciate fully the great value of this inquiry, we must consider 
somewhat in detail the proceedings and results of the great animal chemist, 

Vauquelin’s Human brain was pounded and triturated in a mortar until it presented a 

eo homogeneous paste; it was then mixed with five parts of alcohol of 36 degrees, 

White matter in allowed to stand 24 hours, and then heated to ebullition and filtered. The 

Scales and flakes. s)eghol became greenish, and deposited, on cooling, a white matter, partly in 
flakes, partly in scales. After standing 12 hours, the alcohol was filtered from 
the deposit; it had retained its greenish colour, and became milky when 
mixed with water. This alcohol was next evaporated to one-eighth of its 
original bulk ; it deposited during cooling an oily yellowish and fluid matter, 
which sank to the bottom of the vessel containing the now yellow fluid. This 
fluid resembled a solution of gum. The extraction of the brain matter with 
alcohol was repeated, and the extracts were treated like the first one. The 

Colour of alcohol solution had a more bluish colour. (This green colour, it may be at once 

expeanod, stated, is partly due to a fluorescent ingredient of the brain, partly to copper, 
either contained in the brain or imported as an impurity; but the blue colour 
Vauquelin extracted from his filtering paper. Such is the opinion of Couerbe, 
and I have myself been obliged to abandon the use, in my brain researches, 
of the otherwise excellent grey French hand-made filtering paper, because the 
solution of brain-matter in alcohol extracted from it a blue or violet colouring 
matter. ) 

White matter. Now, although Vauquelin had observed that the first deposit from the hot 
alcohol extract consisted of a flocculent and a scaly matter, therefore of two 
matters differing in their physical appearances, yet this does not appear to have 
made the necéssary impression upon him. He made no attempt to separate 
these matters, either mechanically or by solvents, but treated the entire deposit 
as a homogeneous substance. He described it correctly as white and concrete, 
yet soft and plastic, shining like white silk, and staining paper like grease. 
He found it fusible by heat, but never so liquid as fat, and assuming a brown 
‘colour at a temperature at which fat is not changed. It dissolved in hot 
alcohol, but left flakes of an animal matter undissolved, which he believes to 
have been held in solution only with the aid of the water primarily contained 
in the brain. Like all subsequent observers, except Couerbe, he threw this 

Stearoconote matter aside (Couerbe’s cephalote and stearoconote) as if it were an albuminous 

pared. impurity, and thus missed, like all observers after Couerbe, these most 
important ingredients. He determined, however, that 20 parts of alcohol of 
36 degrees were sufficient to dissolve all that is soluble in one part of white 
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matter. Exposed to the sun, the white matter became yellow, a phenomenon 
which John explains as the effect of incipient oxydation. After repeated 
digestion in alcohol to separate the last traces of animal matter (stearoconote), 
a portion was burned in a platinum dish, and left a charcoal containing an acid 
which precipitated lime-water. He explained this correctly as evidence of the 
presence of phosphoric acid, which he thought might be contained in the white 
matter as such, or combined with ammonia, losing its base by heat, though 
he thought this surmise improbable. 

Desirous of extracting any phosphate with water, he triturated some white 
matter with water, and was surprised to find that it formed a sort of emulsion, 
and remained quite neutral to litmus. Potash evolved no ammonia, even on 
boiling, and even a quantity of potash which would have dissolved any similar 
amount of fat, did not effect a solution, and the liquid remained as milky as if 
water alone had been employed. Thus it was proved that the white matter 
contained neither phosphoric acid nor ammonic phosphate. 

One part of white matter heated with two parts of caustic potash and a little 
water, did not fuse; on the contrary, it became hard, which could not have 
occurred if the matter had been fat. After evaporation of the water, the 
mixture assumed a brown colour, took flame, and exhaled an odour of burned 
fat, with much soot. The residue was extracted with water, the extract boiled 
with nitric acid, and the solution then yielded to lime water, calcium phosphate, 
which when ary weighed one-tenth of the white matter employed. One part 
of white matter, deflagrated gradually in two parts of fused nitre, yielded by 
appropriate treatment as much calcium phosphate as the previous operation. 

From these phenomena Vauquelin concludes that with the white fatty 
matter of the brain, there is combined a quantity of phosphorus, which dis- 
solves in alcohol at the same time as the matter itself. ‘The matter contains 
neither lime nor magnesia, though they are contained as acid phosphates in 
the alcoholic mother liquor, together with phosphate of potassium. From 
these phenomena Vauquelin concludes that in the brain phosphorus is present 
in the same form as that which he said Fourcroy discovered in the roe of fishes. 
Judging from the quantity of phosphate of lime obtained, he believes the 
quantity of phosphorus to be but small, and to amount to not above* fifteen 
thousandths of the wet brain, or to about 74 per cent. of the dry brain matter. 

Vauquelin further says that although this white matter approaches more to 
the nature of fats than to that of other substances, yet it must not be con- 
founded with ordinary fats. It differs from them by its solubility in alcohol, 
its crystallisability, its viscosity, its lesser degree of fusibility, and by the 
black colour which it assumes on fusion. _ If, therefore, it is desired to range 
this matter under the class of fats, it must be considered as a peculiar and new 
kind of fat. Vauquelin evaporated the alcoholic solution from which the white 
matter had been deposited, in one operation (without, as will be seen to have 
been done in my experiments, effecting a fractional evaporation, and obtaining 
one or more intermediate precipitates). ‘Towards the end of the evaporation 
he observed the formation at the bottom of the fluid of an oily, fluid, yellow 
matter, which he supposed to result from the “ brain moisture.” The liquid 
in the depth of which this oily matter collected, had also a yellow colour, a 
faintly sweet taste of broth, and showed traces of acidity. As long as the 
liquid was hot, the matter remained separate, and of a certain consistency ; but 
when the fluid cooled, or on addition of a little cold water, the matter absorbed 
moisture, lost its translucency, and became diffused in minute flakes so that 
it could not be separated any longer; it was, therefore, necessary to observe 
the favourable moment for its separation, and to employ hot water for washing 
it and separating it from the soluble admixtures. The oily matter was dried 
at a gentle heat, or in the open air; it was brownish red, had an odour like 
that, or stronger than that, of brain, and a rancid taste; triturated with cold 
water it diffused in it, and formed a kind of uniform emulsion, which separated 
only very slowly. Mineral acids mixed with this emulsion, separated imme- 
diately the oily matter in form of white opaque flakes, and the fluid now 
filtered clear, which it had not done before. From the hydrochloric acid which 
had been employed to coagulate this emulsion, ammonia afterwards precipi- 
tated white light flakes. But when nitric acid had been employed for the same 








* Here is a misprint saying 735, which must be wrong from the context, 
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purpose, neither ammonia nor lime water produced any precipitate in it. ‘Vhe 
emulsion was also coagulated by tincture of galls. 

The oily matter, from which the water bad been decanted, putrified, and 
spread a stinking odour. 

The oily matter was soluble in hot alcohol, a few flakes excepted, which did 
not amount to one per cent., the greater part was deposited again on cooling ; 
water made the alcohol solution turbid like that of a resin. Exposed to 
glowing heat the oily matter fused, became black, frothed, and exhaled the 
odour at first of albuminous, afterwards of fatty burning matter. Burned 
with potash or nitre, it gave phosphoric acid, like the white matter. It con- 
tained neither free phosphoric acid nor phosphates. From 400 grammes of 
brain matter, Vauquelin obtained three grains of this matter, equal to 0°75 
per cent. The oily matter differed from the white matter by its red-brown 
colour, its lesser consistency, its broth like taste, and a greater tendency to 
crystallisation. For when hot alcohol was saturated with 1t 1t deposited scales 
or crystals en cooling. Nevertheless, Vauquelin concludes that the oily matter 
is in the main the same as the white matter, but mixed with a certain 
amount of animal (albuminous) matter, which could be separated from the 
fatty part by cold alcohol. 

‘The yellow watery mother liquor which remained when the white and oily 
matter had been deposited, and all the alcohol evaporated, had an acid reaction, 
and a sugary and broth-like taste. It was diluted with water, and then treated 
with lime water, until this reagent produced no longer any precipitate. ‘lhe 
precipitate was washed, dried, calcined, dissolved in nitric acid, precipitated by 
ammonia, and was found to be pure phosphate of lime. 

The filtrate from the lime water precipitate was evaporated to dryness, the 
residue was reddish brown, semi-transparent, had the same somewhat sweet 
and gravy-like taste as before, and dissolved in alcohol with facility, leaving 
some saline matter which effervesced with acids. Exposed to the air it 
deliquesced ; burned in a platinum crucible, it emitted vapours of burning 
animal matter, with much frothing; it left a charcoal, which by extraction 
with water and evaporation yielded pure carbonate of potassium. From these 
reactions Vauquelin concluded that the matter in question was identical with 
that which Rouelle had formerly termed “ soap-like extract of flesh,’ and to 
which Thénard had given the name of “ osmazome.’’ The brain matter, 
deprived of its fatty matters, contained albumen and coagulated globules of a 
membranous substance, the neurilemma. This substance when dry assumed 
a grey colour, a semi-transparence, and a fracture similar to that of gum-arabic. 
When put into water it became opaque, swelled up, and softened, anda small 
part dissolved. In this softened state it dissolved easily in caustic potash by 
the assistance of heat, and during the solution no ammonia was disengaged. 
(Difference from caseine of milk.) The potash solution was slightly yellow, 
and had a weak smell. Acids produced in it a white flocculent precipitate, 
and disengayed a very fetid odour, Acetate of lead dropped into the potash 
solution produced a dark brown precipitate, showing the presence of sulphur. 
(‘The matters extracted by alcohol from the brain did not contain any sulphur.) 
By destructive distillation the albumen of the brain yielded carbonate of 
ammonia in crystals, and a red oil similar to that yielded by common albumen 
under similar circumstances. By complete combustion it left phosphate of 
lime and magnesia, but no free phosphoric acid; by deflagration with nitre 
some sulphuric acid was obtained, confirming the lead and potash test above 
alluded to. Consequently this matter was identical with albumen, an opinion 
already enunciated by Fourcroy in the essay above quoted, 


Vauquelin summarised his results as follows : 
The brain is composed of— 
1. 'T'wo fatty matters, which are perhaps identical. . 
2. Albumen (probably semi-coagulated, and not properly soluble in 
water). 
3. Osmazome. 
4, Different salts, amongst them phosphate of lime, phosphate of potash, 
phosphate of magnesia, and a little common salt. 
. Sulphur. 
. Phosphorus. 


Sor 
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ob estimated the quantities, as faras such matters could then be estimated, 
follows :— 





1. Water, about - - - 80 
2. White fatty matter - - 4°53 
3. Red fatty matter - - os hs AO 
4, Albumen - - - aL ZOO 
5. Osmazome - - pat eh 
6. Phosphorus - - = 250 
7. Acid, salts, and sulphur - = 5°15 
100° 00 








In the 10th paragraph of his research Vauquelin gives an account of soine 
experiments on the putrefaction of brain matter in the presence of water. It 
was found that the albumen decomposed rapidly, but the fatty bodies remained 
almost entirely unchanged ; the osmazome also did not decompose. Ammonia 
and acetic acid were observed as decomposition products, also some valerianic 
acid, recognized by the smell of old cheese. During putrefaction the mixture 
maintained a rose colour for several weeks. As the method of physiolysis, so ably 
used by Proust for splitting up complex substances into simpler factors, was 
not sufficiently developed at the time of Vauquelin’s brain research he did not 
obtain results of lasting value in this experiment. Vauquelin also examined 
the medulla oblongata and spinalis, and found them analogous in composition 
to the brain, but they contained much more fatty matter, and less albumen, 
osmazome, and water. This he supposes to be the reason why the spinal 
marrow has greater consistence than the brain. 

Vauquelin found the nerves of the same nature as the brain, but containing 
much less fatty matter and much more albumen and neurilemma. ‘They con- 
tained moreover common fat, which separated from them when they were 
treated with boiling alcohol. When the nerves were deprived as much as 
possible of fatty matter by alcohol they became semi-transparent. When 
digested in that state in boiling water they did not dissolve, but became white, 
opaque, and swelled up obviously in consequence of absorbing moisture. The 
residue of nerve which had been treated with alcohol and water dissolved 
almost completely in caustic potash. No ammonia was evolved during solu- 
tion. The potash solution was precipitated in purple flocks by acids, and the 
supernatant fluid also assumed a purple colour. 

At the conclusion of his paper Vauquelin asks the question whether it 
might not be possible to recognise the conditions in which each of the elements 
composing the brain is present in that organ, At first he questioned whether 
the albumen was not combined with a portion of the phosphoric acid, and 
whether its consistence and opacity was not perhaps caused by this combina- 
tion. However that might be, he is inclined to believe that the albumen is 
in a state of semi-coagulation, after the manner of caseine in milk becoming 
sour. He next inquires whether fatty matter, albumen, and osmazome are in 
some combination with each other in the brain, and is inclined to answer the 
question affirmatively, at least as regards fatty matters and albumen. 

Vauquelin’s data are perfectly correct as far as they go; they furnished an 
excellent basis upon which the more perfect methods of later times might have 
built a complete analysis of brain matter. But the later analysts were all 
deficient in that appreciation of the totality of the subject which alone gives 
power for exhaustive research. With the oneremarkable exception of Couerbe 
they were men of detail, fishing for some chemical object of passing interest 
and neglecting their predecessors, as well as the physiological philosophy of the 
important organ upon which they undertook to operate. 

The analyses of Vauquelin were repeated and confirmed by J. F. Joun 
(Chemische Schriften, Vol. 4, nro. 31, p. 228; and Zoo-chemische ‘l'abellen, 
Tab. 1, A (1814), p.12); also in Gilbert, Annal. 46 (1814), 329), who examined 
the cerebral matter of calves, deer, chickens, and crayfish. ‘The observation 
of phosphorus in the human brain caused him to institute a special research 
on the brains of calves and oxen, which led him to the conclusion, as he ex- 
pressed it, “that they did not contain any substantial phosphorus.” fie meant, 
no doubt, phosphorus in the metalloid form, as it is met with at the point of 
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a lucifer match, and as distinguished from the phosphorus in combination, 
such as is known to be contained in bones, as phosphate of lime. He found 
phosphate of ammonia in his extracts, or rather phosphoric acid in one experi- 
ment, and ammonia in another, and therefore believed that the phosphoric 
acid found by Vauquelin was the result of a decomposition of this ammonia 
phosphate; he thus assumed against Vauquelin the correctness of a surmise 
which Vauquelin had at first formed himself, but had ultimately dismissed as 
very improbable. ‘The researches of John are by no means so clear and in- 
structive as those of Vauquelin, though made by the aid of and after them; 
they contain not a single new fact or development, their direction is through- 
out governed and consequently confined by the search after the supposed 
“ substantial phophorus,”’ and they consequently miss entirely the fact that in 
the brain phosphorus is present in organic combination. 

A real progress was effected by the research of LropoLD GMELIN 
(Report f. d. Pharm. 52, 169), and in Zeitschr. f. d. Physiol. von 'Tiede- 
mann, und ‘Treviranus, 1,119; also in Gmelin and Tiedemann die Ver- 
dauung nach Versuchen, 1826), in consequence of which he distinguished a 
pulveruient brain fat, and a scaly crystalline one, which latter he identified 
with the cholesterine of gall stones. The latter he obtained by boiling brain 
with a cohol, crystallising the extract, and recrystallising the product with 
frequent pressing between bibulous paper, until it was free from smeary and 
tallow-like matter, and represented small crystalline plates. The wax-like 
brain fat he found to adhere to the bottom of the vessel in which cholesterine 
crystallised and separated it mechanically. ‘These important results were not 
equalied by O. B. Kithn’s researches (De cholesterino eique similibus pin- 
guedinis corporis humani formis, Diss. Lipsiz, 1828); (Extract in Kastner’s 
Arch. f. Naturlehre, 13 (1828), 337), which had a retrograde effect. He 


. separated cholesterine from Vauquelin’s white matter by ether, and obtained it 


mixed with phosphorized bodies, but believing his product to be a new body 
and neglecting to apply Gmelin’s process of purificatien, or unsuccessful in 
its application, he termed it cerebrin, distinguished it from the cholesterme of 
gall stones and controverted Gmelin, as we now know, erroneously. Kihn 
also obtained the pulverulent brain fat as the matter insoluble or least soluble 
in ether, and termed it myelokon (marrow powder). He also seems to have 
first noticed the brown matter which was afterwards described by Couerbe as 
céphalote. | 

In 1830 Lassatene (Ann. Chim. 45, 215; see also Journ. de Chim. Méd. 
2nd serie, 1, 344; Compt. Rend. 9, 703; 11, 763) gave a chemical analysis of 
the retina and optic nerves. He found their constituents identical in kind, but 
the retina contained more water than the optic nerve. 


The constituents of the retina were in 100 parts :— 


Water - “ “ « 92°90 
Saponifiable fat and cerebrin - =) ..0° 85 
Albumen - - “ my ee 
The optic nerve yielded in 100 parts :— 
Water - - “ oo 
Cerebrin = F 2 a? “44g 
Osmazome and common salt - = “OME 
Gelatine - = - a" O55 


The most extensive and after that of Vauquelin most fruitful research on the 
chemistry of the brain was published in 1834 by J. P. Covrrss. It was pre- 
sented by him to the Academy of Sciences of Paris, on June 30, 1834; but 
meeting with little favour from that body it was published in Ann. Chim. 
2e serie, 56, 160-193. Couerbe experienced the strongest critical opposition 
on the part of Frémy, as we shall see below, where it will also appear what a 
great amount of truth there was in Couerbe’s work, and how little in that of 
his opponent. After the publication of Frémy’s own research Couerbe again 
endeavoured to urge his claim to consideration (Nouvelles considerations sur 
le cerveau. Compt. Rend. 10 (1840), 974), and defended himself against the — 
criticisms of the apparently weightier chemist. ‘The Academy appointed a 


committee of reporters, comprising Messrs. Chevreul, Dumas, and Pelouze, and 


this committee, swayed by a prominent error in Couerbe’s statements, an 
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error which might have easily been eliminated from the mass of prosperous 
truth, namely, the alleged finding of sulphur as a constituent of brain fats, 
rejected Couerbe’s appeal, on nearly this argument, that as Couerbe’s statement 
of the presence of sulphur had been disproved by Frémy, therefore the whole 
of his researches were of no value. © 

Couerbe announced that he had isolated from the brain of man the following 
immediate principles :— 


1. A yellow pulverulent fat = Stéaroconote. 
2. A yellow elastic fat = Ceéphalote. 

3. A yellowish red oil = Hléencéphol. 
4. The white fatty matter of Vauquelin = Cérébrote. 


5. Cholestérine. 


For the isolation of these matters he proceeded in the following manner. 
He washed the brain, freed from its membranes, with cold water, to deprive it 
as much as possible of blood. He then reduced it to a pulp in a mortar, and 
macerated it in cold ether. The first portion of ether removed little except 
water. Four successive macerations were requisite to deprive the brain of 
everything which the ether was capable of dissolving. ‘The ether was now 
distilled off, and the residue was dried in a capsule, and was found to be a 
white fatty substance, partly amorphous, partly granular. Almost the whole of 
this residue (when the brain came from a healthy person) consisted of cérébrote, 
but when the brain was that of an insane person, the cérébrote was combined 
(mixed) with some other substances. This residue Couerbe termed “ product 
** of the ether treatment A.” 

The brain matter thus extracted with and insoluble in ether was treated with 
boiling alcohol of 40° strength, and filtered hot, and this treatment was 
repeated until the solutions gave no longer any precipitate on cooling, this 
being to him the signal that the brain matters were exhausted of all matters 
soluble in boiling alcohol. The fibrous residue he termed névriléme, and did 
not investigate any further. 

(Several authors, amongst them Thomson--chemistry of animal bodies— 
omit all notice of this alcohol treatment, and state that in repeating the 
vesearches of Couerbe they could not find several of the bodies mentioned by 
him. ‘This omission may perhaps explain the futility of their experiments, as 
well as of their criticisms). ) 

The alcoholic solutions were cooled, decanted, and filtered, and the deposits 
were collected. They were washed with cold ether, which removed cholesterine 
and left on the filter cérébrote. This latter he declares to have been the main 
ingredient of Vauquelin’s white matter, and points out that as Vauquelin did 
not employ ether either before extraction of the brain with alcohol or in the 
purification of the white matter, he must have had cérébrote mixed with a 
large bulk of cholesterine. 

The alcohol in which the white powder had been precipitated was further 
evaporated, in order to obtain a second deposit of this white matter, which 
continued to fall down, accompanied, however, by other fats soluble in ether. 

Towards the end of the evaporation a semi-fluid matter was seen to deposit, 
which was no longer the same as the white matter of the previous deposits. 
It dissolved in ether, and was deposited in an oily state by the evaporation of 
the ether. This matter, already noticed by Vauquelin, Couerbe termed 
éléencéphol. ‘Thus it appears that, as Couerbe himself stated, his alcohol 
extraction, following the ether extraction, yielded him the substances obtained 
by Vauquelin. But Vauguelin erroneously held the oily matter to be identical 
with the white matter, and differing from it only by being less pure. Couerbe 
established the peculiarity of this matter, as will appear lower down. 

The extract A obtained by ether from brain previous to the alcohol treatment 
was subjected to the following processes. It was, as already stated, evaporated 
to dryness in a capsule, and then again treated with a little ether. ‘This was of 
uncertain effect, for sometimes the entire residue dissolved again in the ether 
(in the case, namely, in which the ether had taken up but little cérébrote, and 
the ether was warmer), and then ether was unavailing to effect any further 
separation, and was again driven off by heat. Sometimes, however (in the 
case, perhaps, in which the ether had taken up much cérébrote, or the ether 
was cold), the operation of treating the residue with little ether left a white 


App. No. 5. , 
On the Chemical 
Constitution of 
the Brain, by 
Dr, Thudichum., 


Deposits from 
boiling alcohol. 


Second deposit 
from concen- 
trated alcohol 
extract: 
Semi-fluid 
deposits: 


Treatment of the 
ether extract 
according to 
whether more 

or less cérébrote 
is present; 


App. No.5 


On the Ch Chemical 
Constitution of 
the Brain, by 
Dr. Thudichum, 


ee 


Alcohol treat- 
ment of ether 
extract residues. 


Céphalote. 
Stéaroconote. 
Cholesterin. 


Eléencéphol. 


Frémy’s critique 
of Couerbe. 


218 


powder, undissolved cérébrote, which was separated by the filter.. The solution 
also was again freed from ether by evaporation, and the anomaly of excess of 
cérébrote being removed, the ether extract residues were‘now uniform, its all 
subjected to the following treatment. 

They were boiled with plicnel. which dissolved all the cérébrote (as much, 
namely, as had been dissolved even in the small quantity of ether) and two 
other fatty bodies (cholesterine and another to be identified), and left undis- 
solved a solid brown substance resembling wax. This brown substance is a 
mixture of two bodies; one, the greater in quantity, is soluble in ether, and 
remains, on evaporation of the ether, as a fawn-coloured substance which 
cannot be powdered—céphalote. The part which is not dissolved by ether 
remains as a brown powder—siéaroconote. 

The (hot) alcoholic solution, containing cérébrote and two other fatty bodies, 
is filtered (hot) through animal charcoal, ‘and then left to itself. White fatty 
crystals are deposited, and an additional quantity of them is obtained by con- 
centrating the liquid. These crystals are a mixture of cérébrote and choles- 
terin. After collection on a linen filter they are separated by ether, which 
dissolves the cholesterin and leaves the cérebrote in a pure state. The 
cholesterin 1s deposited on evaporation of the ether. 

When the alcoholic liquid which has deposited the crystals of cérébrote and 
cholesterin is further evaporated, a red oily matter begins to appear, together 
with further crystals of cérébote and cholesterine. ‘To obtain this oil, termed 
éléencéphol, in a separate state, the mixture of liquid, oil, and crystals is put 
into a linen cloth and squeezed; the alcohol with the oil passes through the 
cloth, while the crystals remain upon the cloth. Couerbe then added to the 
muddy alcoholic liquid a little ether, which dissolved the oil and rendered the 
liquid transparent. He then set the solution aside, whereupon the oil 
gradually subsided, while the crystalline matter remained dissolved in the 
alcohol and ether mixture. The oil was ultimately separated by filtration. 

The cérebrote of Couerbe is sufficiently characterized as the pulverulent brain 
fat, insoluble in water and in ether, easily soluble in boiling alcohol, and little 
soluble in. cold alcohol, properties upon which its extraction is based. It is 
infusible, and does not cause greasy spots on paper. It is not saponified by 
either caustic, soda, or potash. Thus far the description of cérébrote by Couerbe 
is quite correct. By elementary analysis Couerbe obtained °/, : 


C 67°878 
Ep bt POO 
N 3°399 
S 2° 138 
= 2°332 
Q 13°213 


No sulpkur had been found by Vauquelin, and of this Couerbe was aware. 
Frémy and all subsequent observers failed in finding sulphur in these peculiar 
brain matters, and the reporters of the Academy rejected Couerbe’s research 
upon the ground of this erroneous statement regarding sulphur. ‘The method 
employed for the separation of the sulphuric acid was that of Berthier, with 
baryta. The brain matters themselves were not deflagrated with nitre, but 
boiled with nitric acid. Perhaps the inquirer unfortunately employed impure 
nitric acid, containing some sulphuric. ‘This appears the more probable, as im 
all the other analyses. (also made with nitric acid) of céphalote, stéaroconote, 
and éléencéphol he also obtained sulphur, and, what is remarkable, in all 
nearly the same per-centage. 


Cérébrote. Céphalote. Stéaroconote. - Bléencéphol. 


_—— 


Sulphur - 2°138 - 1°959 + 2°030 ~° same as céphalote. 


Frémy, in his memoir quoted below, criticised the observations of Couerbe, 
and accounted for the sulphur as due to an admixture of albuminous matter. 
This is entirely inadmissible, as pure albumen does not contain as much sulphur 
as was here apparevtly found in a body entirely soluble in hot alcohol. Frémy 
also stated that the cerébrote, on combustion with nitre, always Jeft him a lime 


salt, and from this (as will be seen, crroneously) concludes that the body was 


an acid. He sums up by declaring cérébrote to have been a mixture of cerebric 
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acid, cerebrate of Jime, and albuminous matter, and thus increased the 
obscurity under which Couerbe, by a singular want of caution regarding his 
analytical reagents, had left his new and important discovery of cérébrote. 

The céphalote of Couerbe is equally well characterised; solid, ‘brownish, 
insoluble in alcohol and water, soluble in 25 parts of cold ether; hecomes soft 
by heat, but not fluid; cold, it is elastic and viscous; in boiling aleohol soluble 
only in inappreciable traces. Destroyed by sulphuric and nitric acid, saponified 
by caustic alkalies, yielding colourless fatty acids. Thus far this is again in 
the main a correct description. Elementary composition °/, = 
66° 362 
10°0384 

3° 250 
2°544 
be 959 
15° 851 


The phosphorus in this substance was less variable than in cérébrote, an 
observation which future developments will fully explain. Of this céphalote 
Frémy asserts that it was a mixture of cerebrate of lime, or soda, with traces of 
albumen and oleophosphoric acid. But this is entirely erroneous. The 
céphalote of Couerbe was a mixture of two immediate principles and of their 
salts. The impurities were cerebrine, and a little cholesterine ; the assumption 
of the presence in it of albumen is still less permissible than in the case of 
cérébrote. . 

The Stéaroconote was a powdery, greasy matter, whence the name (oreap, solid 
fat; xovts, powder, derivation similar to Kiihn’s meyelokon), It is yellowish, 
infusible, not soluble in either water, alcohol, or ether, even when they are 
boiling. Yet it has been originally extracted by ether from brain matter, as 
Couerbe supposes, by reason of the quantity employed, and the combination 
with all the other matters. It is easily soluble in essential and fatty oils. It 
dissolves in nitric acid on boiling, and reappears as a white acid fat, soluble in 
hot alcohol, and crystallismg from it in scales similar to margaric acid. Its 
elementary composition °/, = 


CuMAMQ 


C 59°832 
H 9° 246 wo 
N 9° 352 
Ns 2°420 
S 2°030 
O 17120 


We are struck by the lowness of the carbon as compared to cérébrote, and 
the reverse bearing of the nitrogen, the more so as we shall below see the easy 
relation in which this matter or its essence stands to the essence of cérébrote. 
I have obtained this stéaroconote in every operation upon the human brain, 
with all the characters given above, excepting the colour and _ precise elemen- 
tary composition. I must therefore declare as entirely unfounded the 
assertion of Frémy, that stéaroconote was mainly composed of the albuminous 
matter of the brain. Equally unfounded is the assertion of Frémy that the 
eleenccphol was a mixture of oleine, oleophosphoric acid, cerebric acid, and 
cholesterin. ‘There is no olein whatever present; the oleophosphoric acid of 
Frémy is, as will be shown, after Gobley, more problematical than any of 
Couerbe’s principles; and though we must admit the éléencephol to have been 
impure, yet the peculiarity of its essence cannot for one moment be doubted by 
those who have produced and treated it. 

/ 


Eléencéphot is liquid, reddish, of a disagreeable taste, soluble in all propor- 
tions in ether, essential and fatty oils. In alcohol it is soluble by aid of heat, 
but much less easily than in ether. Otherwise it has few remarkable pro- 
perties, and in composition it closely resembles cephalote, so that Couerbe 
considers it as isomeric with this body. This description is in the main correct, 
though less complete than that given by Vauquelin. 

It must not be forgotten that Couerbe was the first chemist who applied 
quantitative elementary analysis to the brain matter he had extracted. The 
methods of analysing were at that time by no means as perfect as at present ; 
though he had Liebig’s carbonic acid bulbs, he had to use a less perfect; method 
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for the determination of nitrogen (in a vacuum produced by Gay Lussac’s 


bic them nial pump); while it is just possible, though hardly probable, that he could obtain 
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all the phosphorus present in his substances by, mere;treatment with 
nitric acid. (in 
Of cholesterine Couerbe stated that, contrary to all previous authors who 

had stated that this body was a morbid product in the brain, he had found it 
regularly in healthy brains, and therefore considered it a normal ingredient, 
which moreover was present in large quantity. He determined. correctly its 
elementary composition, and other properties, after Kthn and Chevreul. 

C 84°895 

H 12°099 

O 3°006 °/, 


The speculative part of Couerbe’s paper has far less value than the pragmatic 
descriptive one. He gives empiric formule for his substances, from which he 
omits sulphur and phosphorus, and enters into a consideration of substances 
similarly constituted. He concludes his essay with some philosophic conside- 
rations, which had more value for the time in which they were written than for 
the present period, but are still worthy of perusal by all admirers of striving 
minds. 

It is surprising in the extreme that these researches of Couerbe should not 
have been followed up and enlarged, that on the contrary they should have 
been controverted, denied, and almost ridiculed. 

Thomson, Chem. of Anim. Bodies (1843), p. 271, states that he attempted 
to extract the various matters described by Couerbe from the human brain, 
but, with the exception of cérébrote and cholesterine, unsuccessfully. 'Thenard 
in his 'Traité de Chim. also criticised these observations in the spirit of the 
judgment of the academy. While the physiologists of the first 20 years 
following their publication were yet conscientious enough to quote them, many 
of the later ones just mentioned the substances as chimerical, and then 
substituted their own much less perfect experiments and views. 

This was mainly caused by a publication of Frimy’s (Ann. Chim, 2, 463; also 
Journ. de Pharm. 27, 453), which was thus summarised by Thomson, 
le.p. 270—‘* Frémy confirmed the existence of cérébrote and cholesterine 
** discovered by Vauquelin and Couerbe, but showed that cérébrote when pure 
‘ possesses acid properties, and on that account distinguished it by the name 

of cerebric acid. He found also in the brain an acid, to which he gave the 

name of oleophosphoric, which he considers as a compound of oleine and 
phosphoric acid. He extracted also oleic and margaric acid from brain, and 
agrees with Vauquelin in admitting the presence of a considerable quantity 
of albuminous matter.” . 
Frémy cut the brain into small pieces, heated it repeatedly with boiling 
alcohol, and left it for some days in alcohol, in order to withdraw as much of 
the water as possible. ‘Thus deprived of its elasticity, the brain was subjected 
to the action of a press. . I+ was then quickly pounded in a mortar, and treated 
with ether. This operation was effected with the least possible exposure to 
air, in order to prevent the brain from becoming moist again. i 

The ether extracts, one cold, the other hot, on distillation left a viscous 
residue, which Frémy termed “ ethereal product.”” After extraction with ether, 
the brain matter was boiled with alcohol. The alcoholic decoctions deposited 
the peculiar ‘matter discovered by Vauquelin, containing phosphorus. After 
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_this deposition the alcohol contained only fatty ,.matters in solution, and 


presented an acid reaction, due to the presence of phosphoric acid. 
Frémy thus extracted from the brain : . 


1. A white matter, which he named cerebric acid, and identified to some 


extent with the white matter of Vauquelin and the cérébrote of Couerbe. 


2. Cholesterine. 

3. A particular fatty acid, oleophosphoric acid. 

4. Traces of oleine, margarine, and fatty acids. Frémiy stated that these 
matters were not always contained in the brain in a free state. Cerebric acid 


according to him was frequently combined with soda or phosphate of lime. — 


‘The oleophosphoric acid he assumed to be ordinarily in the state of soda salt. 
To extract cerebric acid Fremy treated the residue from the ether extractions 
(“ ethereal products ”) with a great quantity of ether. He precipitated thereby 
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a white matter, which he isolated by decantation, and which on exposure to 
air transformed itself into a waxy, greasy mass. ‘This precipitate contained 
cerebric acid, often combined with phosphate of lime, or with soda; oleophos- 
phoric acid, combined with phosphate of lime or soda; and albumen, carried 
hither bythe impurities. The precipitate was dissolved in boiling absolute alcohol, 
which had been made slightly acid by sulphuric acid. Sulphates of lime and 
soda remained suspended, mixed with the albumen, and were removed by 
filtration. Cerebric and oleophosphoric acids were in solution, and deposited 
on cooling. The deposit was washed with cold ether, which dissolved the 
oleophosphoric acid, and left the cerebric acid behind. The cerebric acid was 
then dissolved in boiling ether, and repeatedly recrystallised. 
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The cerebric acid thus purified was white, and appeared in the shape of Properties of 


little crystalline granules ; it was entirely soluble in boiling alcohol, nearly in- 
soluble in cold ether, more soluble in boiling ether. It had the remarkable 
property of swelling like starch in hot water, but appeared to be insoluble in 
this fluid. It fused at higher temperatures and then was easily decomposed. 
Tt burned under evolution of a peculiar smell, leaving a quantity of charcoal, 
which burned with difficulty, and was sensibly acid. Sulphuric acid made it 
black ; nitric acid decomposed it, only very siowly. Burned with nitre and 
soda carbonate the cerebric acid never yielded potassium sulphate, but always 
a quantity of phosphate, which could be determined. ‘Thus the body was free 
from sulphur, as had been stated by Vauquelin. The cerebric acid contained 
nitrogen, for on being heated with an excess of potassa it evolved ammonia. 
The elementary analyses of Frémy were made by the ordinary methods. The 
phosphorus he determined as baryum phosphate avoiding the presence of car- 
bonate, or as iron phosphate, according to the process of Berthier. 
The analyses yielded him the following results :— 





C 66°7 
H 10°6 
N 21S 
P 0-9 
2) 195 

100°0 


Cerebric acid may be combined with all bases, and must be considered as a 
true acid. It differs from: the ordinary organic acids by its insolubility in 
water and by its other physical properties. Its solubility in alcohol and 
boiling ether approach it to the fatty acids, but its high fusing point, and its 
affinity for water, by which it is hydrated, remove it much from the fatty acids. 

When cerebric acid is heated with dilute solutions of potash, soda, or 
ammonia, it does not dissolve, but combines with each of these bases. The 
compounds may also be obtained by mixing any of these bases with an alco- 
holie solution of cerebric acid ; a precipitate almost insoluble in alcohol, which 
immediately ensues, must be considered as a compound of cerebric acid and 
the base employed. Lime, baryta, and strontia, combine directly with cerebric 
acid, and deprive it of its peculiarity to swell and form emulsion with water. 

Cerebrate of baryum was prepared by boiling cerebric acid in water, in order 
to hydrate it; an excess of baryta water was then thrown into the fluid; the 
mixture was then heated to boiling for some time, carbonic acid being carefully 
excluded. A white flaky insoluble precipitate was thus obtained, which dried 
with ordinary precautions showed the following composition :— 


Salt = 0°14] 
Baryta- 0°01] 
Cerebric acid 0°130 


corresponding to 7°8 per cent. of baryta. 

This compound did not enable Frémy to calculate the atomic weight of 
cerebric acid any more than his elementary analyses of the free acid had 
enabled him to calculate even an empirical formula. 

The analysis was unreliable as being made on so small a quantity that the 
mere removal of phosphoric acid must have caused the result to be highly 
inaccurate. 


cerebric acid. 


Cerebrates, 
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When Frémy had recognized that acid solvents decomposed oleophosphoric 
acid completely into oleine and phosphoric acid, he tried to effect a similar 
decomposition upon cerebric acid, hoping to split it up into a solid fatty body 
and phosphoric acid. He foresaw that the decomposition would have to be 
complicated, on account of the nitrogen present. But his experiments re- 
mained unsuccessful, because the cerebric acid was never completely decom- 
posed, and always retained phosphorus. 

‘The ether which had been used for the precipitation of the cerebric acid 
from the ether product contains in solution a viscous matter, which is in part 
oleophosphoric acid, often combined with soda. In order to obtain free 
oleophosphoric acid it is necessary to decompose the salt with an acid, and to 
dissolve the acid in boiling alcohol, from which on cooling it is reprecipitated 
The acid can be freed from some oleine which is always admixed by absolute 
alcohol, and from cholesterin by ether. Nevertheless, Frémy did not succeed 
in preparing the oleophosphoric acid in a state of entire purity, as it always 
contained cholesterin and cerebric acid. 

The oleophosphoric acid is ordinarily coloured yellow like oieine. It is 
insoluble in water, and swells a little when put in boiling water, a phenomenon 
which Frémy supposes to arise from the presence of cerebric acid. It has a 
viscous consistence. It is insoluble in cold alcohol, but dissolves easily in 
boiling alcohol; itis soluble in ether. When put in contact with potash, soda, 
or ammonia, it immediately yields soap-like compounds, which have again all 
the properties of the matter extracted from the brain substance by the first 
ether treatment. With the other bases it forms insoluble compounds. It 
burns in air, and leaves a strongly acid charcoal, in which the presence of 
phosphoric acid can be recognised. 

The liquid greasy substances obtained from the brain do not always show 
the same properties. Sometimes they are liquid like oleine, at others they are 
on the contrary viscous. In come cases they contain phosphorus, i in others 
not any. ‘This arises from the decomposition of the oleophosphoric acid which 
can be engendered artificially. When it is boiled for a long time in water or 
alcohol, it gradually loses its viscosity, and is transformed into a fluid oil, oleine, 
almost pure. ‘The liquid has a strongly acid reaction, due to the newly-formed 
phosphoric acid. 

‘This decomposition, which is always long and incomplete when oleophos- 
phoric acid is boiled in pure alcohol or water, may be effected very quickly by 
making the liquid slightly acid. The decomposition also takes place at the 
ordinary temperature, but is then very slow. ‘The air does not seem to take 
any part in this change. 

It is possible to prove by several proceedings that the oleophosphoric acid 
it not a mere mixture of oleine and phosphoric acid. Oleine is soluble in cold 
absolute alcohol, while oleophosphoric acid is entirely insoluble in it. If then 
an oleophosphoric acid, which is thus insoluble, 1s decomposed by boiling with 
acidified water, it 1s found to have changed its nature after some time, and 
that the oily matter produced is now soluble in cold alcohol. It has become 
oleine, which burns on platinum foil without leaving any carbonaceous residue, 
while the oleophosphoric acid always leaves a strongly acid charcoal. 

The oleophosphoric acid is decomposed under the influence of putrefying 
animal matter in the same manner as by boiling with acids. Fresh brains 
always contain oleophosphoric acid, while brains which had been left for some 
time, and which began to decompose, yielded much oleine and free phosphoric 
acid. 

Frémy did not publish any analyses of his oleophosphoric acid, as he was 
convinced that those which he had made had been performed upon impure 
products. 

The oleophosphoric acid may be easily attacked by fuming nitric acid ; this 
reagent produces phosphoric acid, which remains in solution, and a fatty acid, 
which floats upon the fluid. Frémy in determining by this process the phos- 
phorus contained in the oleophosphoric acid, found in several analyses, 
quantities varying between 1°9 and 2°0 °/,. 

Alkalies in excess transform the oleophosphoric acid into phosphates, oleates, 
and glycerine. It has not been possible to form artificially oleophosphoric 
acid, although a compound of sulphuric acid and oleine is known as artificially 
producible. 
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Chevreul in an article in the Dictionnaire des Sciences Naturelles had 
already expressed the opinion that the fatty matter of the brain could be con- 
sidered as a compound of oleine and phosphoric acid. 

The brain often contains an oily matter, which has been found by most 
chemists studying the brain. This, according to I'rémy, came from a spon- 
taneous decomposition of the oleophosphoric acid. TF remy showed how the 
_ oleine could be obtained in considerable quantity, by decomposing the oleo- 
phosphoric acid by means of acidulated alcohol or water. When the acid thus 
boiled has lost its syrupy consistence, it is transformed into a fluid oil. This 
is repeatedly washed and then extracted with cold absolute alcohol. This 
agent dissolves the oleine, and leaves behind the cerebric acid and the chole- 
sterine, which the oleophosphoric acid had held in solution, On evaporating 
the alcohol oleine is obtained with the following characters : it is fluid, greasy 
to the touch, coloured yellow, and burns with a white flame without leaving 
any ash. On elementary analysis :—0°204 grm. gave 0°590 of C Oe or ye ey 
of carbon, and 0° 220 grm, of Hy O, or 11°9 °/, of hydrogen, leaving for oxygen 
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The oleine from the brain is easily saponified by alkalies yielding oleates and 
glycerine. Before subjecting oleine to analysis it is necessary to wash it with 
alcohol of 34° containing a little potash, in order to dissolve any traces of oleic 
and margaric acid which it might retain. Frémy considered only such oleine 
as pure which burned without leaving any acid charcoal, thus showing that, 
according to Krémy, it did not contain any oleophosphoric acid, and which 
could be entirely transformed into soap, which soap was completely soluble 
in water, thus proving the absence of cholesterin. (Soaps, éssolve chole- 
sterine. ) : 

















Oleic acid C,, H,, O2 requires Trioleine C3, Hy, O, Frémy found 
es ee: hae 4 ~ Be MEME edi if ee eee 
C - - 76°59 yi fia 79°50 
i: ea = 12°06 11°76 11°9 
O - = AT" 35 10°87 8°6 


In Frémy’s alleged oleine the carbon is therefore 2°2 °/, too high, and the 
oxygen 2 °/, too low, as compared to trioleine; it is therefore not impossible 
that he had oleie acid or oleate of ethyle mixed with some cholesterine in his 
hands. A mixture of an atom of oleic acid with an atom of. cholesterine 
would yield C = 80°29; H=12; O=7°6 °/, figures which differ from 
Frémy’s analytical results much less than these results differ from the theory 
of oleine. 'T’.) 

Frémy gives the following procedure for the isolation of cholesterine. The 
first ether extract is boiled with alcohol which has been made strongly alkaline 
with potash. By this proceeding cerebrate, oleate, and phosphate of potash, 
glycerine, and cholesterine are produced. ‘The alcohol on cooling deposits the 
cerebrate and phosphate of potash together with the cholesterine. The deposit 
is now treated with cold ether, which dissolves all the cholesterine and that 
only. It is easily purified by crystallisation. 

When the ether product is extracted with alcohol of 34° strength made alka- 
line with ammonia, an ammoniacal salt is obtained, which on its decomposition 
yields both oleic and margaric acids. The quantity of these acids in the brain 
is very small, but they can be well identified in a human brain (2) the 
margaric acid in particular by its brilliant needles fusing at 60° C. The 
brain changes quickly and soon putrefies. The oleophosphorie acid is soon 
decomposed into .oleine and phosphoric acid.. But other matters must be 
similarly decomposed, for Frémy always found the fatty acids in greater 
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quantity in brains already somewhat decomposed than in fresh ones, He 
ascribes this decomposing action to the albuminous matter. Frémy puts this 
experience on a parallel with that of Chevreul made upon the fat of dead 
bodies. Here also, an albuminous matter split up the fat into glycerin and 
fatty acids, which latter were in combination either with lime or ammonia. 

A similar experience has been published regarding palm oil by Pelouze and 
Felix Boudet. I¢ contains a kind of ferment, which can transform it into 
glycerin and fatty acids. 

In disease such decomposition can perhaps become very considerable, or 
continue for a long time in the brain. Felix Boudet examined a concretion 
from the brain of a foetus, and found it to contain margaric acid fusing at 60°. 

A certain quantity of albuminous matter passes into the ethereal extract by 
means of the fatty matters. It is left undissolved by absolute alcohol, mixed 
with a little acid. It has the characters of albumen, and contains sulphur 
(probably also stearoconote). 

Frémy found that in softening of the brain the fatty matters underwent the 
same decomposition which the oleophosphoric acid exhibits when it is in 
contact with a decomposing animal matter out of the body. He has seen, he 
says, that the modification which brain matter suffered is due to a veritable 
putrefaction, which, in acting upon the albuminous matter, destroys its con- 
sistence and changes it profoundly. 

Frémy stated that.the greasy matters were almost always entirely contained 
in the white matter, and that the grey matter contained but traces of them. 

When he had extracted all the greasy matters from the white matter he 
obtamed a residue which presented chemical analogies to the grey matter, but 


he did not state in what these analogies consisted. 
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The brains of animals contain the same substances as the human brain, but 
in perhaps different proportions. Thus, upon the same amount of fatty 
matter, the brain of man contained more cholesterin than the brain of a dog. 

The analyses of the human brain at different ages yielded no positive results. 

Chevreul had already found in the blood peculiar fats ordinarily met with in 
the brain. Cholesterin was found in the blood by Felix Boudet. 

All organs containing nerves will probably yield brain acids and fats if, as is 
likely, nerves have the same chemical constitution as the brain. The circum- 
stance that the liver could secrete so much cholesterin caused Frémy to search 
for brain acids and fats in it, and he succeeded in extracting oleophosphoric 
and cerebric acids from it. 

The researches of GoBLEyY which were destined ultimately to throw much 
light on the nature of brain matter, were begun upon the yelks of hens’ eggs 
(Rech. Chimiques sur le Jauned’Qiuf. Journ. de Pharm. et de Chim. 9 (1846), 
1, 81, 161. He showed that they contained water and an albuminous matter, 
which latter he, in accordance with precedent, termed vitelline. He further 
extracted oleine and margarine, as had been done before, by pressing the 
coagulated and dried yelks, and by exhausting them with ether; but he found 
this important difference, that whereas the yelk oil obtained by pressure was 
a mixture of oleine and margarine purely, which when warm easily filtered 
through paper, the oil obtained by the intervention of ether did not so 
filter, but left behind a considerable infusible residue, to which he gave the 
name of viscous matter. This matter remains in the yelk cake when the oil is 
expressed, and can be extracted by ether afterwards. The quantity of fatty 
oil obtained from dry yelk was in the mean 21 per cent. It contained only 
cholesterine and colouring matters, and was free from sulphur and phosphorus. 
The cholesterine, first discovered in yelks by Lecanu, he further studied and 
identified by elementary analyses. He also stated that the fusing point of 
yelk cholesterine, which Lecanu had fixed at 145°, while Chevreul had found 


_ biliary cholesterine to fuse at 137°, was not actually different from the latter, 
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and claimed that Chevreul had stated the temperature of the moment of con- 
solidation, whereas Lecanu had given that of fluidification. 

Of the viscous matter, Gobley says that it had been observed by John, who 
pronounced it to be not of the nature of a fat. It is specially interesting as 
containing the phosphorus, which remains in the form of phosphoric acid after 
It distributes itself in water, and forms with it a kind of 
emulsion, soluble in ether and alcohol in the cold, but when treated with 
alcohol leaves a deposit of oleine and margarine. Gobley believed it to be 
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constituted of a mixture of oleic acid, margaric acid, and a particular acid con- _— App. No.5. 
taining phosphorus, all combined with ammonia, and forming a true soap; a 
this soap he supposed to be, so to say, surrounded and enveloped by an organic Cate ee 
nitrogenised matter, differing from vitelline. He chemolysed the viscous the Brain, by 
matter by heating it in water, with four times its weight of hydrochloric acid, Dr. Thudichum. 
and obtained an oily matter on the top, an intermediate flaky substance, and a Chemolysis of 
liquid. The oily matter was composed of oleic and margaric acid, with viscous matter by 
cholesterine and neutral fats in small quantity, free from phosphorus. On ®i4s- 
solution in ether and filtration it left the greyish flakes on the filter. The 
acid solution, freed to some extent from hydrochloric acid by evaporation, and 
then diluted with water, gave a precipitate with neutral lead acetate, which 
contained all the phosphorus. The filtrate treated with sulphuric acid gave 
on evaporation a residue which contained ammonium sulphate. By caustic Chemolysis of 
alkalies the same chemolytic products were obtained, the fatty acids being viscous matter 
Separated by acetic acid. The fatty acids were separated by Gusserow’s PY alkalies. 
method, treatment of the lead salts with ether, when oleate dissolved and 
margarate remained. The purified margaric acid fused at 60°, and contained 
75° 286 °/, C, 12°605 °/, H, and 12°109°/, O. The oleic acid gave the com- 
monly accepted quantities of elements. 100 parts of dry yelk yielded by this 
process in the mean 7°226 parts of fatty acids. 

From the viscous matter, decomposed by long boiling with caustic potash, Phosphorised 
and neutralised with acetic acid, and freed from liberated fatty acids, the phos- acid. 
phorised acid was precipitated by neutral lead acetate. The precipitate was 
decomposed by hydrothion and the filtrate concentrated. Some hydrochloric 
acid was removed by silver oxyde, and the excess of the latter again by 
hydrothion. Some free phosphoric acid was removed by a slight excess of 14g lime salt. 
lime water and filtration. The liquid on evaporation, and while hot, deposited 
white, brilliant scales, which could be removed and dried. ‘They were more 
soluble in cold than in hot water; the solution was precipitated by alcohol. 
By analysis the salt yielded :— 


int 200+: Theory. 


(pe 
Ca, P, O, (calcium pyrophosphate) - 60°27 60°27 60°66 
Nae alike da igs : Nye Or Tego! Te A6 
rte . é ¢ Re ee ee te 
GC : cf : - 19°15 19°23 *18°95 


The acid contained in this salt was found to be phospho-glyceric acid, or as 
it is now most frequently termed, glycero-phosphoric acid, being the acid 
previously synthetically prepared by Pelouze, and identified all the: more 
certainly as all Gobley’s experiments were made in the laboratory of Pelouze. 

Gobley further found lactic acid in yelk ; then various mineral salts, Other ingre- 
specially potassic and sodic chloride, potassic sulphate, and calcic and magnesic dients. 
phosphate. He also distinguished two colouring matters, and meat extract, or 
osmazome, and concluded his prosperous research bya summary in 12 pro- 
positions, embodying the results sketched in the foregoing lines. 

In a second memoir (Journ. de Pharm. et Chim. 11 (1847), 409, and 12 Gobley’s experi- 
(1847), 1) Gobley describes his experiments on the brains of chickens, sheep, esate: bram 
and men. He obtained, by proceedings which he did not describe, a viscous : 
matter which had much analogy with that obtained from yelks. When shaken 
with water and little hydrochloric or sulphuric acid, and warmed on the water - 
bath, it did not decompose, while the matter from eggs had thus been decom- 
posed ; but when the viscous matter was boiled for some time with dilute acids yigoous matter 
it became liquified and gradually floated on the fluid. The greasy layer con- decomposed by 
sisted of oleic acid, margaric acid, cholesterine, and a small quantity of fixed ee 
oil. The liquid did not contain phosphoric, but phosphoglyceric acid. products. 

By digestion with caustic potash the viscous matter could not be transformed 
into salts of oleic, margaric, and phosphyglyceric acids (the viscous matter 
from yelks was entirely split up), but by boiling with potash in alcohol these 
three acids were obtained from the brain matter. Te 

The viscous matter from yelks and brains was soluble in crystallisable acetic Bearing with 
acid. It could be boiled with this acid for six hours without showing signs of 2cetic acid. 
decomposition. Only after 12 hours’ boiling a greasy matter floated on the top, 
which contained oleic and margaric acid, but contained yet much phosphorus. 
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Arp.No.s. It was necessary to boil at least 24 hours to effect a perfect decomposition. 
Divdheteaesatant The liquid then contained glycerophosphoric acid, but also phosphoric acid and 
Constitution of glycerine. 


the Brain, by : iis 5 x P : 
Dr, thdiskun, Tartaric and lactic acid acted in the same manner as acetic acid. 


— In this memoir Gobley withdrew his first view of the viscous matter being a 
quien eee mixture of ammonia soaps of the three acids obtained ; he removed the soluble 
matteraneu- salts by washing the boiled yelks with water, extracted and chemolysed by 
tral substance. — gyJphuric acid the viscous matter, and searched for ammonia in his ultimate 
residues. But the quantity of this base found was so small that it could not 
be brought into relation to the acids found, and Gobley consequently modified 
his opinion of the viscous matter in this direction, that it was a neutral matter 
in which the three acids did not pre-exist, and in fact a complex body from 
which he had separated two matters, one of which he named phosphorised 
matter, and the other cerebric matter. ‘The phosphorized matter he now 
declared to be identical with Frémy’s oleophosphoric acid, and the cerebric 
matter, which he now also isolated from yelks with Frémy’s cerebric acid. But 

alge co's he combated the theory which this latter chemist had given of oleophosphoric 

phosphoric acid, acid, and maintained that the phosphorized matter contained the elements of 
oleic, margaric, and glycerophosphoric acids, and always split up into those 
acids, and never into oleine and phosphoric acid, as had been maintained by 
Frémy. According to Gobley, the fatty matters extracted from brains contain 
neither potash nor soda, but only phosphate of lime. In this memoir Gobley 
also replies to objections which had been made to his views of the viscous 
matter by Sacc (Compt. rend. 22, 649), to the effect that the phosphorus was 
contained in yelk as phosphorus (hypothesis of John), and only transformed 
into acid by the drying of the yelk in presence of air. 

Frémy’s observa- On this memoir of Gobley, Frémy made some characteristic observations 

se eae (Journ. d. Pharm. et de Chim., 12 (1847) 13,) by way of reclamation for 
himself. He says that the researches: of Gobley taught (1) that the fatty 
matters of yelk contain brain fat; (2) that in the decomposition of oleophos- 
phoric acid, the glycerophosphoric acid of Pelouze may be formed. He is 
happy to point out that his (Frémy’s) work on the brain has enabled Gobley 
neatly to characterise the fatty phosphorised substances contained in yelk. 
These claims were subsequently refuted by Gobley, and with complete justice 
and success. But following, as they did, as a kind of editorial rider to his. 
publication, they for a time extinguished all sense of appreciation of the 
new researches in the French scientific public, and nearly prepared for Gobley 
the same unjust fate as that under the sting of which Couerbe had gone to his 
grave. 

Gobley’s re- In a later memorial, entitled “Chemical Researches on the Eggs of Carps,’’ 

aber to which the Academy of Medicine before whom it had been read, gave its 
approbation (Bul. de Acad. de Méd. 15,471; the first two memoirs above 
sketched had been communicated to the Academy of Sciences), and which was. 
published in the Journ. de Pharm., et de Chim. 17 (1850) 401 ; and 18 (1850) 
107, Gobley stated that he had extracted from these eggs the albuminous 
matter, to which he gave the name of paravitelline, oleine, and margarine, 
though in much smaller proportions than from hen’s eggs and cholesterine, 
lecithine, and cerebrine, besides salts, meat extract, and a peculiar acid, an 
odoriferous and a colouring matter. The eggs were boiled with water and 
pressed, and then extracted with boiling ether; the ether was evaporated and 
the residue boiled with alcohol; this on cooling deposited the viscous matter, 
consisting of cerebrine and lecithine, and in the alcoholic solution floated 
the crystals of cholesterine. The words cerebrine and lecithine were pointedly 
selected to emphasise the difference of these bodies from those described by 
Frémy as cerebric and oleophosphoric acids. Of all four conceptions lecithine 
(from eggs) alone has survived the progress of science, and complemented 
with choline (by Strecker) has become one of the best known bodies of the 
animal economy. 

Lecithine from The greater bulk of the deposited viscous matter consisted of lecithine. 

eggs. It was soft, formed an emulsion with water, was little soluble in cold, easily 
soluble in hot alcohoi, and deposited from it on cooling; entirely soluble in 
ether; not altered by air. Heated it did not fuse, but swelled up, and on 
combustion left a charcoal soaked with phosphoric acid. Under the influence 
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of mineral acids and alkalies it always yielded with the greatest facility oleic, | App No.5. 

margaric, and phospho-glyceric acid. On the headtieal 
Gobley next combats the idea of Frémy, that lecithine was a body analogous Constitution of 

to his sulpholeic acid, and in fact identical with the oleophosphoric acid spoken the Brain, by 

of in his brain research. Gobley never obtained oleine and phosphoric acid, ee 

but always, oleic, margaric, and glycerophosphoric acid. Thus he says he Decomposition 

would be compelled to believe lecithine to be a mixture of oleo-phosphoric and Products. 

margaro-phosphoric acid. When neutral oleine and margarine are present pee Hae 

they are not essential results of the reaction, but admixtures, which were 

present before the decomposition of lecithine commenced. But how can 

Frémy explain that he never found margaric acid, which Gobley never missed 2 

Gobley recognized that the peculiar white matter which Vauquelin, Couerbe, 

and Frémy had extracted from the brain was also present in the viscous 

matter from eggs of hens and carps. In order to obtain it he decomposed 

the viscous matter (200 grms.) with alcohol of 88° strength (500 grms.), and 

50 grammes of sulphuric or hydrochloric acid. After several hours’ standing 

the mixture was slowly heated to boiling, and then allowed to cool. It de. 

posited white cerebrin, with some cholesterine. After filtration the latter was 

removed by ether. Re-solution in hot alcohol and treatment with ether purified 

the substance. It is neutral, fuses between 155 and 160°, and becomes black 

at the same time. In water it swells like starch; it contains no sulphur. It 

easily retains small quantities of other bases or acids which have been in 

contact with it, but without combining with them in atomic proportions. 


By elementary analysis it yielded : 


Frémy’s cerebric 


In 100. acid. R. D. Thompson. 
C 66°85 66°7 67°04 
H 10°82 10°6 10°85 
N oe 29 Bos 2°24 
iP 0°43 0:9 0°46 
O 19°61 19°5 19°41 


In short the identity of cerebrin from eggs (though it was changed by influence 
of acid, as shown by fusing point T.) with that from brain seemed proved by 
this research, although the identity of lecithine from eggs with any of the 
phosphorised bodies from brain was not yet certainly established. 

In the Journ. d. Pharm. et d. Chim. 19 (1851), 406, Gobley published a Gobley on the 
memoir on the chemical ingredients of the milt of carps, in which he showed. milt of carps. 
that it contained the same ingredients as the eggs. He points out that it 
presented great analogy in properties and composition with the brain. In ‘The same on the 
vol. 21 (1852), 241, he further describes the fatty matters of the venous blood fats in we : 
of man, after having summarised previous researches; he finds oleine, mar- ae oF 
garine, cholesterine, but maintains the absence of all soaps, or free fatty acids. 

He further finds lecithine and cerebrine as previously defined by him. The Opinion on 
séroline of F. Boudet he considers as a mixture of oleine, margarine, choles- oe séro- 
terine, and a little albumen. The blood of the ox yielded the same results ag “"* 

the blood of man. The last memoir of this author, which concerns us in this 

place, treats of the fatty matters contained in the bile (Journ. d. Pharm. et d. 

Chim. 30 (1856), 241). He maintains that the fatty acids obtained in the The same on the 
chemolysis or putrefaction of bile are products of the splitting up of lecithine {ts in bile. 
naturally combined in it, but that, although fatty acids are not present in the 

bile, neutral fats and cholesterine are normally present. 

At this point Gobley relinquished the research; he could not obtain his 
- lecithine in a state of purity, and the methods at his command were evidently 
exhausted on every field. It was not till Strecker resumed the investigation 
of lecithine in bile that any progress was made in the recognition of that sub- 
stance. For Miuuzr, who published his paper in the following year, appears to 
have completely ignored Gobley’s many and laborious researches, and, in some 
particulars, brilliant discoveries. 


Miuuer published the first part of his researches in Ann. Chem. 103 (1857) w. Muxzzr. 
131, of which the following is an abstract: 

Liebig, in his essay on the extract of flesh, had raised the question whether Liebig’s prelimi- 
the brain furnished products similar to those of the muscular tissue, or yielded ary experiment. 
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matters peculiar to itself. He pounded the: brain substance into a thin milk 
with baryta water, passed it through a fine hair sieve, and boiled. A coagulum 
was obtained containing the brain fat, and a clear yellowish liquid, which, 
after it had been freed from excess of baryta by carbonic acid and heat, con- 
tained two baryta salts, one soluble in alcohol, both soluble in water, and 
giving with acids white flocculent precipitates. Having convinced himself 
that the extract did not contain any kreatine, he did not carry on the inquiry 
any farther. It was taken up by Von Bibra, who varied the process a little, 
y extracting the comminuted brain with cold water, allowing the mixture to 
stand for 12 hours, decanting the supernatant liquor and coagulating by heat. 
The clear acid filtrate was treated with baryta water and gently heated, whereby 
the greater portion of the albuminaies was precipitated. ‘The concentrated 
fluid on standing deposited no crystals, from which Bibra inferred the absence 
of kreatine; he was not more successful in his endeavour to find inosinic 
acid, inosite, and hypoxanthine. But he found volatile organic acids, among 
them formic, identified by the silver reduction test, and fixed organic acids of 
which he identified lactic. 
Von Bibra treated the hot alcoholic solution of the substance deposited on 
the cooling of the alcoholic extract with potash, and boiled, On adding 
sufficient alcohol, the fluid became of a darker colour, and perfectly clear 
after some hours. After cooling, and standing 24 hours, nearly all the cerebric 
acid is deposited as cerebrate of potassium. ‘This is purified by decomposition 
with hydrochloric acid, &c., until finally pure cerebric acid is obtained. This 
is a white powder, which is not in the least coloured yellow, it is lighter than 
water, but swells up in it like starch. It melts at a temperature almost 
identical with that which effects its decomposition. Bibra gave as the results 
of his analyses : 








C 66°93 66° 66 
H L073 10°58 
N 2°48 2°54 
P 0°52 0°52 
O 19° 34 19°70 

100° 00 100° 00 








Bibra could not obtain a combination of cerebric acid with either potassium, 
baryta, copper, or silver, which renders the acid character of this body doubt- 
ful. He says that with sulphuric acid in the cold, cerebric acid quickly 
assumes a purple tint, and after some time becomes black. On treating with 
an excess of warm dilute sulphuric acid, a black magma is obtained, which, 
when diluted with water and. filtered, leaves on the filter a darkish brown, 
sticky body, which dries up into a glistening resinous body. With fresh bile, 
water, and sulphuric acid it assumes a red colour like sugar. With concen- 
trated cold nitric acid after some time, cerebric acid assumes a yellowish tint, 
and with concentrated hydrochloric acid a feeble violet or reddish tint. Boiled 
with nitric acid, nitrous acid is evolved, and a clear yellow fluid is finally 
obtained. 

If cerebric is boiled with hydrochloric acid, and the boiling be interrupted 
before everything is dissolved, then on washing the residue with alcohol, and 
dissolving in boiling alcohol or ether, unchanged cerebric acid (under the 
microscope) will be found. So that cerebric acid withstands the action of 
the strong mineral acids pretty long, and is not so easily decomposed as 
cholesterine. a | 

Miiller attempted, in the first instance, to repeat and enlarge the experience 
of Liebig and Bibra. | 

Human brain was worked up with baryta water to a thin milk, and after 
12-18 hours worked through a sieve and boiled, the ccagulum was filtered off. 
The filtrate was yellow, more or less opalescent, and ran through the filter 
quickly at first, but gradually the filtration proceeded more slowly, and a 
considerable portion of the fluid remained with the coagulum. A little sul- 
phate of lime solution was added to the fluid before heating as recommended 
by Liebig, but a clear filtrate could not always be obtained. It was found 
that by allowing the fluid to boil up strongly many times in succession the 
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coagulum separated in large flakes, whilst the filtrate quickly ran through 
clear. ‘The yellowish strongly alkaline fluid thus obtained was saturated with 
carbonic acid. There appeared to be a combination formed between an albu- 
menoid substance and part of the baryta which carbonic acid was unable to 
split up, as the fluid remained alkaline after passing a strong current of 
carbonic acid for some hours and subsequent heating. 

This filtrate containing Liebig’s two baryta salts was evaporated at a 
gentle heat. Yellowish skins formed on the surface of the fluid during 
evaporation, and on the sides of the dish a thin yellowish granular matter was 
deposited, which increased as the liquid became more concentrated. This 
deposit was filtered off and dried, when it assumed a yellow hornlike appear- 
ance, burnt with a nitrogenous smell, and left an ash of carbonate of barium. 
Its reactions proved it to be an albuminous body. 

The fluid filtered from this albuminous deposit was evaporated on the 
water bath until there remained a yellow syrup containing grey membranous 
flakes. This syrup was now treated with strong alcohol, which threw down a 
membranous flocculent white precipitate. ‘This precipitate was exhausted with 
84 °/, spirit. ‘The alcoholic extract should contain the baryta salt soluble in 
alcohol, and the residue should contain the salt soluble in water. Cold and 
boiling water, however, extracted but very little substance which was obtained 
on evapurating the aqueous extract as a yellow mass, burning with a nitro- 
genous smell and leaving but little ash. It redissolved easily in water, and 
this solution contained albumen, as shown by the nitric acid and acetic acid, 
and potassium ferrocyanide tests. The residue insoluble in water preved by 
the violet colour, which it gave with sulphuric and boiling hydrochloric acid, to 
belong to the group of albuminous substances. 

The alcoholic solution was yellow, clear, and strongly alkaline. It gave 
with strong acids and metallic salts white flocculent precipitates, insoluble in 
eXCess. 

By slow evaporation many fine glistening plates were obtained, which by 
the microscope were shown to be cholesterin. Filtered from these crystals 
and evaporated a small quantity of a brown smeary fat separated. This was 
filtered off, and the filtrate after 24 hours standing deposited many square 
crystals, consisting of sodium chloride and kreatin. ‘The mother liquor con- 
tained volatile acids, proved by distillation with sulphuric acid. Other sub- 
stances could not be distinguished owing to the small quantities in which they 
were present. 

The above experiment was made with human brains; 25 lbs. of ox brains 
treated in a similar way gave no better results, and moreover contained no 
creatin, but furnished a small quantity of a body which from its crystalline 
form under the microscope seemed to be leucin. The presence of this body 
appeared to keep the albuminous bodies and fats in a smear so complex that 
the whole of the material wasted away whilst the author was endeavouring to 
separate its constituents. It seems from the above that the two acids of Liebig 
are not constant constituents of the brain. 
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Liebig’s two 
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The author now determined to search for kreatin in larger quantities of Lead process 


brain matter, and at the same time examine all the constituents soluble in 
water. He employed the method used by Stadeler and Frerichs (Verh. der 
Zurcher Nat. Gesell. TV. 1855), in their researches on the parenchymatous 
fiuids of the tissues, slightly modified. 

The brain matter was pounded into a thin milk, with distilled water and 
acetate of lead solution added, until the whole separated into a clear blood red 
liquid, and a lower layer of brain pulp; it was then allowed to stand 12-18 hours, 
well mixed and strained through a fine sieve. The filtrate was boiled, when 
it separated into a coarse reddish clot, and a clear amber fluid, which filtered 
readily. If enough lead acetate was not added the separation and filtration 
were incomplete, but a further addition of lead acetate and heating ensured a 
successful result. 

The filtrate was evaporated to one quarter, and as acetate of lead gave no 
precipitate basic acetate of lead was added. The white flocculent precipitate 
thus produced was filtered off, the excess of lead in the filtrate removed by 
sulphuretted hydrogen, evaporated, the residue dissolved in dilute alcohol, 
freed from acetic acid by the addition of alcoholic sulphuric acid, the excess of 
sulphuric acid removed by the careful addition of baryta, and the filtrate 
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Arp.No 5. treated as stated hereafter. 50 lbs. of brains (principally ox) were used; with 
On the Chemica) the exception of kreatin and formic acid all the under-mentioned substances 
Constitution of belong to ox brains, whilst these two substances were obtained only from 


the Brain, by : 
Dr. Thudichum, Human brains. 


= The white precipitate by basic lead acetate was decomposed with sulphuric 


ae Acid. acid, filtered, and the filtrate evaporated when it became brown. On the sur- 
tate fran. —sface, a crystalline pellicle formed, the crystals increasing on cooling, and 
basic lead standing for some days, when they were filtered off. They consisted of dark 
eae brown grains and plates. Under the microscope part consisted of tables of 
filtered and uric acid, part of dark brown round globules, not changing their form on the 


filtrate evapo- addition of acetic acid and warming. ‘They burnt without blackening on 
ae platinum foil, melted with the smell of burnt horn, gave off white vapours 
smelling of cyanogen, and finally volatilised completely without residue. 
Both bodies were nearly insoluble in water, but easily soluble in potash. The 
murexide test showed the presence of uric acid; the violet colour, on) the 
addition of potash, vanished rather quickly, leaving a reddish yellow spot, 
perhaps indicating the presence of xanthin or hypoxanthin. . 


_ Inosite. The filtrate from the uric acid crystals was evaporated until alcohol gave 
a ene a permanent precipitate. The liquid was then treated as suggested by 
tals gives hee: Stadeler and Cleetta, with an equal volume of alcohol, and warmed slightly, 
cipitate of whereby the turbidity vanished. On cooling, and standing several days, 
HEE many shining cauliflower and stellate transparent crystals were deposited. 

These were filtered off and recrystallized from water. They consisted of 
shining rhombic prisms and needles, mostly in rosettes, of a distinctly sweet 
taste, easily soluble in water, with difficulty in cold strong alcohol, easier in 
boiling alcohol, separating, on cooling, from the hot alcoholic solution as 
fine glistening scales; blackening, when heated on platinum foil, with smell 
of burnt sugar, leaving no residue. It did not reduce a copper solution on 
boiling. Treated with nitric acid on platinum foil, and carefully evaporated, 
then treated with calcium chloride and ammonia, and again evaporated, a 
fleeting but brilliant rose-red colour was produced. 


Analysis gave 20°/., or four equivalents of water of crystallisation (16°66°/, 

















required )— 
Notation in Equivalents. Found. 
— For Fe EN Ce seg, 
12C 72 40:00 (by CuO) 39-28 (by Pb Cr 0,) 40-24 
12 yk 6°66 6°77 6°62 
12-0" Jo 53°34 53°95 53°14 














100-00 100-00 100-00 
Ten grammes of pure crystallised inosite were obtained from 50 pounds of 
brain matter used. 


e Kreutin. The residual portion. on the filter from human brain after treatment 

coarulum boilea With baryta, was exhausted with 84°/, alcohol, and on cooling, a. small 

with 84°/o spirit quantity of cholesterine and a brown smeary fat were deposited. The clear 

eee eae a filtrate was allowed to stand for several days, when many crystals formed, 

and smeary fat. partly tetrahedra, partly octohedra, and partly square tables and fine needles, 

NaCl. which were filtered off and dried. They were dissolved partially in boiling 
alcohol, and the solution evaporated, when many regular transparent. tetra- 
hedra were obtained, which consisted of sodium. chloride, mixed with only a 
small quantity of organic matter. 


Portion insoluble The residue, insoluble in alcohol, was easily soluble in warm water, and was 
in alcohol was obtained pure by recrystallisation. The crystals had the following properties : 
water; consisted colourless shining transparent needles, and flat square tables, odourless, taste- 
of kreatin, ~ less, without action on vegetable colours; moderately soluble in cold water, 
easily in warm water, almost insoluble in boiling alcohol. Heated on platinum 

foil become first opaque from loss of water of crystallisation, then blacken 

and burn off with smell of burnt horn, leaving no residue. They evolved no 

trace of ammonia on treating with lime, and were quite inactive to reagents. 

_ The solution in hydrochloric or nitric acids quickly evaporated, left fine rhombic 

prisms. On treating with sulphuric acid, a crystalline residue was left, which 

under the microscope was seen to consist of very fine four and six sided tables. 
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From the behaviour of these crystals, they seemed to be kreatin. The esti- 
mation of the water of crystallisation and nitrogen confirmed this view. 


Contained 12°63 °/, of water (lost at 100°) and 32:10 °/, nitrogen (by soda- 
lime, and platinum). 








Theory. 

Wiegisheoun In 100. : Found. 
8 C 48 36° 64 _ 
40 a2 94°43 — 
3.N 42 32:06 32°10 
9H 9 6°87 ra 
2 Aq 18 12°08 12°63 








Kreatin only occurs in very small quantity in the brain, and Miller only 
proved its presence in human brains; whilst Liebig found 36 grammes. in 
100 lbs. of the flesh of a lean horse, 30 grammes in 86 lbs. of ox flesh, and 
72 grammes in 100 lbs. of lean dog flesh, only half a gramme of kreatin 
could be obtained from eight human brains, equal to about 24 lbs. 

Lerch, of Prague, also found kreatin in the brain. No kreatin was 
obtained from ox brain when treated by baryta process, as in the foregoing 
paragraph, but the alcoholic extract on evaporation gave a crystalline deposit 
in small quantities, which consisted of leucin. Stadeler and Frerichs (Verh. 
der Ziircher nat. Gesell. iv. 55, S. 14) found leucin in the brain. In the filtrate 
from the lead precipitate some analogous bodies were found,. having the 
appearance of leucin in ox brain. To extract the leucin the filtrate from the 
basic lead acetate precipitate was freed from excess of lead by sulphuretted 
hydrogen, and evaporated to a syrupy consistence, taken up in alcohol, freed 
from acetate by alcoholic sulphuric acid, the filtrate freed from the excess of 
sulphuric acid by the careful addition of baryta water, and. again evaporated 
on the water bath to a syrup. The brown residue, smelling strongly of roast 
meat, was treated with alcohol of 84°/., each addition of which produced a 
transitory turbidity, but after some time the whole of the residue dissolved. 
Absolute alcohol produced a precipitate of yellowish brown, sticky flakes, 
which quickly dissolved up in water to a thick brown liquid. The whole was 
mixed with an equal volume of absolute alcohol, and after standing 24 hours 
had separated into two layers, a lower blackish brown and an upper clear pale 
yellow layer. The latter was carefully decanted off, and carefully evaporated 
on a water bath to a thin syrup. After standing 8 days many yellow granular 
crystals had separated, and were filtered off, Under the microscope they con- 
sisted of large radiate, striped, round, shining globules, very much resembling 
leucin. Easily soluble in water,.with difficulty in cold, but more easily in 
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hot alcohol, separating out from the hot alcoholic solution on cooling as a 


light, white powder, insoluble in absolute alcohol. It was purified by 
repeated crystallisations from hot alcohol. Thus purified it appeared as a 
light powder, tasteless and inodorous, without action on vegetable colours. 
Heated on platinum foil it blackened and burnt off with the smell of burnt 
horn, leaving no residue. It sublimed in the usual manner, with the charac- 
teristic smell of leucin. It was quite indifferent to reagents. It appeared 
under the microscope to consist of fine needles concentrically grouped. Burnt 
with soda lime (and platinum) it gave 13°89°/, N. lLeucin contains 10°68°/.. 
It is not easy to account for this excess of nitrogen, as great care was taken 
to purify the substance before analysis. Gorup Besanez (Ann. Chem. 98, 15) 
obtained from the pancreatic glands of oxen a crystalline body very much like 
leucin, but differing in composition by C2 He. The analysis given above would 
fit with the third homologue of the leucin series C; H, N O,, which requires 
13°58°/, of nitrogen. Miller could not find either leucin or any homologue 
of leucin in human brain. Frerichs and Stéideler once detected leucin in the 
human brain in a case of acute atrophy of the liver, the patient being a female, 
and leucin abounding in the juices of the other organs. These investigators 
also searched for leucin in cases of typhus, but with unsatisfactory results. 
Miiller principally investigated brains from cases of tuberculosis and pneu- 
monia, and could never establish the presence of a trace of leucin. 


Nitrogen 
analysis. 
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Leucin only once 
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From Bibra’s researches it was probable that formic acid existed in the 
brain.. The mother liquor from the kreatin, from the aqueous extract of human 
brain, was treated with excess of sulphuric acid, whereupon the odour of 
volatile acids was immediately noticed and distilled. The distillate was 
colourless, and strongly acid, with a powerful odour of formic or butyric acid. 
On adding solution of nitrate of silver, a voluminous white precipitate feil, 
which blackened in the cold; and on boiling was almost entirely reduced. 
The filtrate remained clear on cooling. On evaporating, a small quantity of 
fine needles separated, but not enough to determine with certainty the nature 
of the acid present, but from the appearance of the crystals they were sup- 
posed to consist of acetate of silver. Thus in human brain formic acid was 
found (and possibly acetic). 

The aqueous extract of ox brain, after the leucin-like body had been sepa- 
rated, and gave no further precipitate with either alcohol or ether, and was 
concentrated, treated with dilute sulphuric acid in excess, and distilled. The 
distillate was colourless, very acid, and smelled strongly of acetic acid; it was 
neutralised with carbonate of soda, and evaporated ; on cooling large rhombie 
tables of sodium acetate crystallised out, which were separated off. The 
mother liquor on further concentration left a silky crystalline mass. This was 
distilled with dilute phosphoric acid. 'The strongly acid distillate having a 
powerful odour of acetic acid, reduced a solution of nitrate of silver but 
slightly. It was neutralised with baryta water and evaporated. On standing 
it deposited many thin prismatic needles of baryum acetate, containing 59°7°/, 
of baryum, pure acetate containing 60°03°/,. So a trace of formic and a 
quantity of acetic acid were found in the aqueous ‘extract of ox brain, but all 
the acetic may have been derived from acetate of lead added. 

Lactic acid had been found by Bibra both in the residue after distilling off 
the volatile acids, and in the fresh aqueous extract obtained according to 
Liebig’s method. Miiller’s investigation was therefore limited to determining 
the atomic weight of the calcium salt, and thereby proving the identity. The 
treatment of the residue was modified, so that if succinic acid were present it 
might be detected. The residue was therefore first exhausted with ether as 
long as the ethereal extract continued yellow. The ethereal solution was 
allowed to evaporate slowly, but the dark yellow, strongly acid syrup which 
remained did not deposit any crystals, even after standing eight days. ‘The 
residue was then treated with absolute alcohol, in which it dissolved to a clear 
yellow fluid. The solution was treated with milk of lime, boiled and filtered 
hot. On cooling a quantity of white crystals were deposited, partly granular 
and partly acicular, which under the microscope revealed the well-known tufted 
forms of calcium lactate. ‘They were purified by recrystallisation from strong 
alcohol, when they had the following properties : 

White, rather light powder, tasteless, inodorous, easily soluble in water and 
boiling alcohol, but difficultly soluble in cold alcohol. Heated on platinum 
foil blackens, Jeaving a residue of calcium carbonate. Gave 29°6°/, of water, 
and 18°49°/, calcium. 





Theory. In 100. Found 
eee ecco —~_— 
1 equivalent of lactic acid 81 = 52°59 — 
uM lime 20 = 416"1s 18°49 
5 “th water 4a == 29' 23 29° 60 


From 50 lbs of ox brain 12 grammes of calcium lactate were obtained. 

Besides the above-mentioned bodies Miiller found none present in the 
aqueous extract of the brain in sufficient quantity to determine their com- 
position. Several substances however were obtained in minute quantities. 

A brown nitrogenous body was obtained from the basic lead acetate precipi- 


tate with uric acid, crystallising in microscopic spheres. This basic lead 


precipitate also contained a second nitrogenous body in small quantities. 

The mother liquor from the inosite, after the addition of absolute alcohol 
produced no further crystallisation of inosite, was neutralised with baryta 
water; no turbidity ensued. It was then evaporated to one quarter and treated 
with at least an equal volume of alcohol when a white precipitate fell consist- 
ing principally of baryum chloride mixed however with a small quantity of 
organic matter. The filtrate from this precipitate was evaporated to a syrup 


233 


and allowed to stand, when yellewish granular and warty glistening crystals 
were deposited, easily soluble in water hot and cold and alcohol; blackening 
and burning with a luminous flame when heated on platinum foil ; leaving 
a residue of baryum carbonate. These crystals did not consist of inosate of 
baryum as proved by the sulphate of copper test (a white precipitate fell but 
no blue color was produced). An aqueous solution of the crystals gave a 
voluminous white precipitate with basic acetate of lead. 

Another nitrogenous body was obtained from the filtrate from the lead pre- 
cipitate, by heating the residue in the retort, after distilling off the volatile acids 
and exhausting with ether, as follows: the sulphates of potassium and sodium 
which have crystallised out are separated off, the brown filtrate is heated with 
calcium hydrate boiled and filtered, the clear filtrate is concentrated on the 
water-bath and allowed to stand. Brown tables crystallise out soluble in water 
burning with smell of horn and leaving an ash of calcium carbonate. 

The mother liquor from these crystals gives with tannic acid, zinc chloride, and 
mercury nitrate brown floculent precipitates which however shrink so much on 
drying as to prevent further investigation. 


The results just sketched may be summarised thus :— 


1. The brain of man in the portion soluble in water contains a small 
quantity of kreatine. 

2. On the other hand kreatine is not present in ox brain, but the latter con- 
tains either leucine or a homologue. 


3. In both human and ox brain volatile acids of the series Cn H,,O, in 
very small quantities exist. 


4. Both human and ox brain contain considerable quantities of lactic acid. 
5. Ox brain contains a little uric acid and some quantity of inosite. 


6. Succinic acid, glycogen, kreatinine, urea, cystine, and taurine could not 
be found in the brain. 


Tn some preliminary remarks introducing his second paper, Miiller refers to 
the difficult nature of a research on the fats, &c. of the brain, and mentions 
that from 30 ox brains he was only able to obtain sufficient material to establish 
the presence of cholesterin and cerebrin. 

The method adopted was the following :—The coagulum obtained by treating 
the brain matter with solution of lead acetate and heating was first extracted 
with hot 80°/, alcohol, then boiled with a mixture of equal parts of alcohol and 
ether, and filtered boiling hot; on cooling a considerable quantity of a white 
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flocculent matter was deposited, which was collected on a filter and dried. » 


When dry it appeared as a reddish yellow crystalline mass. This coloration, 
on drying, was noticed by Vauquelin. Frémy attributed it to the presence of 
oleophosphoric acid. 


The reddish yellow mass was extracted with ether, until the extract was 
colorless, and left no residue on evaporation. A clear yellowish-red ethereal 
solution was thus obtained, whilst a yellowish-white voluminous insoluble 
residue remained. The solution contained cholesterin and a phosphorised 
body, having the properties of an acid, whilst the insoluble residue contained 
the cerebrin. 

The ethereal solution (of the precipitate obtained on cooling the alcohol 
ethereal extract of the coagulum) was freed from ether by distillation. The 
red pasty residue, containing numerous crystals of cholesterin, was treated 
with alcohol, and boiled with an excess of lead hydrate. Most of the fatty 
acids combined with the lead, and on filtering boiling hot remained as a 
greyish-white powder on the filter. The filtrate, on cooling, deposited a large 
quantity of white shining plates, which were collected and purified by further 
treatment with lead, and re-crystallisation from hot alcohol. 

They had then the following properties:—White pearly rhombic plates, 
tasteless and odourless, greasy to the touch, insoluble in water, easily soluble 
in ether and boiling alcohol, difficultly soluble in cold alcohol. Heated 
on platinum foil they blackened, swelled up, and burnt with a luminous flame 
without leaving any residue. The substance was quite free from nitrogen and 
was not precipitated from its ethereal solution by reagents. 


White matter 
extracted with 
ether. 
Cholesterin and 
phosphorised 
acid in solution. 
Cerebrin remains 
insoluble. 


Residue 

treated with 
alcohol and 
boiled with lead 
hydrate yielded | 
cholesterine. 


Properties. 


App. No. 5. 


On the Chemical 
Constitution of 
the Brain, by 
Dr. Thudichum. 


Analysis. 


Cerebrin. 


Coagulum ex- 
tracted with 
boiling alcohol. 


Exhausted with 
ether. 
Recrystallised 
from boiling 
alcohol. 
Cerebrin de- 
posited on 
cooling. 

Same result with 
lead coagulum. 


Properties. 


Reactions with 
HCl. 


HNO, 
Hz SQ.. 


NoS or P. 
Decomposed at 
80°. 


Analysis of 
cerebrin. 


Cerebrin not 
cerebric acid 
minus the phos- 
phorus. 


234 


Burnt with chromate of lead and a little. bichromate of potash it gave the 
following results :— 














Theory 
Found 
of equivalents per cents. to 
28 168 83°93 83°57 
H 24 24 11°91 12°06 
O 8 4°16 4°37 
100°00 100° 00 


This theory of cholesterin is, however, incorrect, its actual composition being 
(atomic notation) Cos Hy O. 

Cholesterin forms one-third of the constituents of the brain soluble in 
alcohol or ether. } 

Miller prepares cerebrin as follows :— 

Human brains were worked up into a thin milk with baryta water and 
coagulated by heating. According to Frémy baryum cerebrate is insoluble in 
boiling alcohol, but to Miller’s astonishment on extracting the coagulum with 
boiling alcohol he obtained on cooling the alcoholic extract a voluminous white 
flocculent precipitate, which on exhaustion with ether left a yellow residue 
presenting after repeated crystallisations from boiling alcohol all the character- 
istics of pure cerebrin. In a similar way the coagulum obtained by heating 
the acetate of lead extract of the brain was extracted with boiling alcohol, the 
deposit on cooling was purified by treating with ether and taken up in boiling 
alcohol, when it left only a small portion of resinous matter insoluble; on 
cooling a white powder was deposited which was dried and crystallised from 
boiling alcohol until the latter left no trace of the resinous body undissolved. 

The substance purified as above had the following properties :— White loose 
very light powder, tasteless and inodorous, soluble in boiling alcohol and ether, 
the solution having no reaction on vegetable colors, insoluble in water, cold 
alcohol, and ether. Microscopic spheres: heated on platinum-foil cerebrin 
gives off the smell of burnt horn becoming brown, melting, and finally burns 
with a red flame, leaving a black fused charcoal burning off without residue. 
It blackens mercurous nitrate paper when heated with soda lime. It is in- 
soluble in ammonia, hot and cold, in potash and in baryta water. It is 
unchanged by cold water, swells up like starch in boiling water changing to 
a thin slightly turbid emulsion which remains on cooling, and is not changed 
by the addition of acids, alkalies, or metallic salts. If it be evaporated a residue 
remains soluble in hot alcohol, from which solution cerebrin is deposited on 
cooling unchanged. 

Hydrochloric, phosphoric, and nitric acids produce no change in the cold. 
By boiling with hydrochloric acid the body becomes first reddish violet then 
it decomposes forming a brown fluid and a brown resinous body insoluble in 
acids and alkalies. On boiling cerebrin with nitric acid nitrous fumes are 
evolved, the fluid becomes yellow, and yellow oily drops form on the upper. part 
of the flask, solidifying on cooling to a white fatty body. Concentrated sul- 
phuric acid dissolves cerebrin in the cold with a dark purple red color; on 
diluting with water the colour vanishes and a yellowish white precipitate falls. 
Cerebrin is free from sulphur and phosphorus. It could not be dried at 100°C. 
as it decomposed at 80° becoming brownish yellow. 

Analysis of the cerebrin dried at 75° C., when it lost no water, gave 
following results :— 

Combustions with chromate of lead and nitrogen 
platinum chloride— 


the 


estimated as ammonio- 


Theory. Found 
(ila aber a ee 
C34 204 68° 23 68°35 68°56 —- 
H 33 33 11°04 11°30 11°26 11°06 
Seed 14 4°68 4°69 4°53 4°29 
Oo t8G 48 16°05 15°66 15° 66 — 


Miller points out that these figures prove that his cerebrin is not identical 


_ with Frémy’s cerebric acid, minus the phosphorus, because the above percentages 
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of carbon and hydrogen are higher than those obtained by Frémy, so_ that 
Frémy’s cerebric acid was probably contaminated with some phosphorised fat. 

Miller then proceeds to discuss the supposed acid nature of Frémy’s body. 
The solubility of the supposed insoluble baryum and lead cerebrate in alcohol 
has already been mentioned. He treated boiling alcoholic solution of cerebric 
acid with sufficient potash solution and obtained a voluminous white precipi- 
tate which on further boiling partially redissolved. Filtered boiling hot 
nearly pure cerebrin remained on the filter. Treatment with baryta gave 
precisely similar results ; on long boiling a yellow resinous insoluble body was 
obtained sticking to the sides, probably from a primary decomposition of cere- 
brin and combination of the products of decomposition with the alkalies. 
Moreover, as Frémy dealt with an impure substance, and states that it com- 
bined with the baryta, it becomes a question how far the impurity and how far 
the cerebric acid took part in the combination. At all events the reasons 
adduced by Frémy will not suffice to prove this body to be a well characterised 
acid ; on the contrary, its behaviour towards vegetable colours and _ bases 
proves that it belongs to the class of neutral nitrogenous bodies, and if it could 
be combined with bases it might be said that other neutral bodies as glycin, 
allantoin, &c., do the same. 

The author therefore assumes the name “ cerebrin’’ for his new substance ; the 
cerebrin discovered in the blood fats by Gobley was probably a combination of 
cerebrin with a phosphorised fat. 

Some cerebrin was placed in a retort with concentrated nitric acid, a receiver 
was attached and the retort gently heated; at first the substance somewhat 
swelled up, soon vapours of nitrous acid were disengaged, and a clear 
Jiquid went over into the receiver. The red fumes increased with much 
frothing, whilst the substance became transparent. As soon as it began to 
boil the substance changed suddenly into a yellow transparent oil, which 
floated on the yellow nitric acid, and for some long time underwent no further 
change. The distillation was now stopped, and the contents of the retort 
poured whilst hot into a beaker, the yellow oil solidified into.a yellowish white 
solid fatty body, which was freed from nitric acid by filtration and washing ; 
it was then dissolved in boiling alcohol and filtered boiling hot, when after 
24 hours’ standing a white granular fatty body separated; this fatty body was 
purified by recrystallisation, and obtained as a white waxy mass, soluble. in 
alcohol and ether with moderate facility ; in alcoholic solution it had a slight 
acid reaction. 

Under the microscope it was seen to consist of minute fat globules, without 
a trace of crystals. Heated on platinum foil it melted quickly to a yellowish 
fluid, blackened and burnt with a ruddy flame, evolving pungent odours of 
burnt fat. a 

On analysis it contained 12°92 °/, hydrogen, 75°52 °/, carbon, and probably 
no nitrogen. 





°/, found. + by At. Wets. +Oas 1. 
C4 la52 6° 293 8°71 
Pe Ee 12°920 17°89 
Creer SG C722 1°00 


= C Th O, or C,, Hi O, (atomic notation). 


The alcoholic solution of the coagulum after the cholesterin and cerebrin 
had been separated was treated with hydrate of lead and boiled. A lead salt 
of a fatty acid, mixed with the excess of hydrate of lead went down. The pre- 
cipitate was filtered off and exhausted with ether. A bright reddish-yellow 
ethereal extract was thus obtained, whilst the lead salt remained asa fine powder. 

The extract on evaporation left a reddish yellow waxy mass, a small portion 
of which was soluble in boiling alcohol, and was obtained as a fine white 
powdery lead salt, decomposing and turning brown at 70°. The residue in- 
soluble in boiling alcohol was redissolved in ether, a small quantity of a 
yellowish-white powder remaining undissolved ; the solution was filtered, and 
the dark red alkaline filtrate evaporated spontaneously, leaving a considerable 
quantity of a hard fixed reddish brown body, which on powdering became of a 
veddish-yellow colour. About 20 grammes were obtained. It was not changed 
by further solution in ether and evaporation. Insoluble in water and alcohol, 
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soluble in ether. Heated on platinum foil it blackened, melted, swelled up, 
gave off a peculiar smell, and burnt with a red flame, leaving behind a con- 
siderable residue of metallic lead, oxyde of lead, and pyrophosphate of lead. It 
contained no nitrogen and no sulphur. On analysis it was found to consist 
of a mixture of lead salts. The lead was estimated by fusion with nitre, 
dissolving the residue in nitric acid, and precipitating by sulphuric acid. It 
contained — | 


44°86 45°17 and 42°86 °/, lead. 
ao? 7. 29°19 and. 28°26 °/, carbon. 
4°31 4°19 hydrogen, and 3°72 °/, phosphorus. 


These differences are too great to be accounted for by defects in the analysis, 
moreover the baryta salt does not agree with the lead sa't. The baryta salt 
was prepared by treating the lead salt with sulphuretted hydrogen suspended 
in water. The filtrate from the lead sulphide was yellow acid and clear. It 
was evaporated on the water bath to drive off the suiphuretted hydrogen, and 
the fluid divided into two parts, one was further evaporated on the water bath 
and allowed to stand. After many days standing a solid soft reddish brown 
sticky acid mass separated, which only partially redissolved in alcohol. The 
other portion was treated with baryta water, which produced a yellow floccu- 
lent precipitate, it was filtered off and dried when it became reddish-yellow, 
and easy to powder. Heated on platinum foil it left an ash of carbonate and 
phosphate of baryta. The body was insoluble in water, alcohol, and ether, 
and contained 32°81 °/, baryum. , 

It could not be glycerophosphate, as the glycerophosphate of bargum is easily 
soluble in water; nor could it be oleophosphate, since the free body was soluble 
in alcohol, whereas oleophosphoric is only soluble in ether. 

Miller thinks it safest to consider the question as to what form the phos- 
phorus is contained in the brain fats as unsettled. 

The residue of the lead salts of the fatty acids insoluble in ether was a dirty 
yellow light powder, insoluble in water, alcohol, and ether. It was treated 
with sulphuretted hydrogen whilst suspended in water; the filtrate evaporated 
considerably on the water bath, and then allowed to evaporate spontaneously. 
After several days the residue had separated into a yellow, oily, acid layer, 
and many pearly-white scales; the latter were filtered off, and obtained white 
by recrystallisation from alcohol. Easily soluble in aleohol and ether, left 
no residue on ignition. The quantity was too small to purify or investigate. 
further. 


The conclusions thus arrived at may be stated :— 


1. The brain contains a very considerable quantity of cholesterin. 

2. Also a considerable quantity of a nitrogenous body with. the formula 
Coy Hes NO. 

3. Also a body containing phosphorus which forms with lead a compound 
soluble in ether. 

4, Also volatile and fixed fatty acids. 


O. LigBREICH’s research on protagon was published in Ann. Chem. 134, 29. 

When an animal is killed by severing the carotid arteries, and water injected 
into the arteries and through the brain until it leaves the veins colourless, the 
entire brain or the greater part of it is obtained free from blood. It may be 
removed from the cranial cavity and liberated from its membranes with facility, 
as these latter have become dropsical. The brain substance is then cut to 
pieces or kneaded with the hand and triturated in a mortar, and then mixed 
with water and ether in a bottle and shaken. The mixture is then allowed to 
stand at 0° C. until the ether has collected on the surface. The ether is then 
removed and contains besides cholesterine a very little protagon. This extrac- 
tion is repeated, and has for its result that the greater part of the cholesterine 
is removed from the brain matter, whilst the ingredients which are easily 
soluble in water pass into the water. 

The brain matter is now freed from water and ether by filtration digested 
with spirit of 85 °/, strength, in a water bath at 45° C., and the alcoholic solu- 
tion filtered off on a hot funnel kept also at 45° C. This extract is then cooled 


with ether, dried, t0 0° C., when it deposits a copious flaky precipitate. This precipitate is col- 


lected on a filter and washed with cold ether until no cholesterine is extracted 
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by the ether. It is then dried in vacuo over sulphuric acid, afterwards 
moistened with a little water and dissolved in spirit at the temperature of 
45° C. This saturated solution is again filtered at 45°, and then allowed to 
cool gradually in a large water bath to the temperature of 16° C. Minute crystals 
are deposited, visible as crystals only under the microscope. If the solution 
had the proper degree of concentration these crystals assumed the form of 
needles in radiary arrangement. In very concentrated solutions the crystals 
are bent and distorted. They can be recrystallised until pure. 

Another method of obtaining protagon 1s the following. The brain is tritu- 
ratea with water and ether, and allowed to stand for some time at the ordinary 
temperature. ‘The ether absorbs fatty acids produced by the decomposition 
of a portion of the protagon and much protagon which is easily soluble in the 
products of its decomposition. The mixture is heated to 29° C., the ether 
separated off, filtered, and cooled down to a very low temperature. The pro- 
tagon separates as a white precipitate, which is placed on a filter, washed with 
cold ether to remove cholesterine, dried, and recrystallised from alcohol as 
described above. 


Protagon thus prepared gave following analyses and theory leading to 
formula Cy, Ha Na Ow P. : 








Theory. 
Atoms. & Mean found 
— 
ore 67°21 66°74 
a 11°59 11°74 
N, 2" ip 2°8 
Pi 15 $23 
Ons 17°0 17°49 
100-00 100-00 





The carbon was usually a little low and hydrogen high. The phosphorus 
varied from 1°1 in ox to 1°5 in human brain. 

(The hydrogen, to make an even number with the nitrogen, must be either 
240 or 242). 

Protagon recrystallised from alcohol and dried in vacuo over sulphuric acid 
is a light flocculent powder. The crystals obtained from dilute alcohol assume 
a wax-like appearance before they part with all their water. 

In cold alcohol and cold ether the substance is but little soluble, more 
soluble in proportion as these solvents are warm. In absolute alcohol, pro- 
tagon cannot be heated above 55° C. without decomposing ; a solution which 
has been thus treated, exhibits oily drops, and on cooling, deposits round balls, 
besides crystals, denoting that a decomposition has taken place. Treated 
with water, protagon swells, and becomes an opaque mass, resembling 
flour paste. By dilution with more water, a clear but opalescent solution 
is obtained. When the watery solution is mixed with concentrated solu- 
tions of salts, such as calcium chloride, sodium chloride, &c., a coagulation 
ensues. The flakes of protagon which float about the fluid may be filtered 
off; the filtrate seems to be free from protagon. ‘The precipitate is not a 
chemical compound, for on the filter the salts can be washed away, and during 
washing the protagon swells up again. But it is difficult to obtain it quite 
pure without great loss, as the purer it becomes, the easier does it pass 
through the filter. In glacial acetic acid protagon dissolves, giving a clear 
solution, which on slow cooling, furnishes crystals similar to those obtained 
from alcohol. Protagon decomposes when submitted to a temperature below 
100° C. The dryer the substance is, the more quickly does it decompose. At 
a temperature 75°-80° C., the flaky matter becomes soft, and may be kneaded 
together. Protagon which has been boiled, and thus swollen with water, 
may be dried in vacuo over sulphuric acid, and on solutien in alcohol, the 
whole of the original matter crystallises out on cooling, unchanged. When 
heated more strongly, protagon fuses, becomes brown, burns with a yellow 
sooty flame, and leaves a black dense charcoal, which has an acid reaction 
when moistened with water, from the presence of phosphoric acid. This latter 
substance also prevents the ready combustion of the carbonate. 
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Protagon is boiled with concentrated baryta water for 24 hours. The excess 
of baryta is then precipitated by carbonic acid; the precipitate filtered off. The 
filtrate contains glycerophosphoric acid combined with baryum and.a new base — 
neurine. The baryta salts of several fatty acids remain with the baryum car- 
bonate. The entire filtrate is concentrated on the water bath at a moderate 
temperature, and precipitated with basic lead acetate. This precipitate contains 
the glycerophosphoric acid; the filtrate from it contains the neurine. The 
lead precipitate is suspended in water, and decomposed with hydrothion 
yielding a strongly acid fluid. This is filtered from the lead sulphide, saturated 
with calcium carbonate, and concentrated ; it deposits while hot the charac- 
teristic scales of calcium glycerophosphate. 

The baryum salt may be obtained by concentrating the watery filtrate from 
the protagon after treatment with excess of baryta water, at a moderate tem- 
perature, and ultimately in vacuo over sulphuric acid, removing any carbonate 
or phosphate of baryum which may be precipitated. A transparent glass-like 
mass is thus obtained, which is very hygroscopic. It is extracted with absolute 
alcohol as long as anything (neurine) 1s extracted. The baryum glycerophos- 
phate remains as a white powder, easily soluble in water. In the aqueous 
solutions of baryum or calcium glycerophosphate the presence of phosphoric 
acid cannot be proved by the ordinary tests for that acid; it can only be shown 
after calcining the salts. When the salts are treated with acid sodium sulphate 
the characteristic odour of acrolein is evolved. ‘ 

The baryum salts of the fatty acids remain with the baryum carbonate in the 
residue, from which the solution of glycerophosphate and neurine has been 
filtered. The following steps may be taken to effect their separation :— 

The entire residue is treated with dilute sulphuric acid, and then agitated in 
a hottle with ether. ‘The ether containing the fatty acids is evaporated; the 
residue dissolved in alcohol and precipitated with an alcoholic solution of lead 
acetate. ‘The dried lead soaps are repeatedly treated with ether ; there remains 
a lead soap insoluble in ether, which is dissolved in alcohol and treated with 
sodium carbonate to obtain the soda soap. ‘This, dissolved in alcohol, is 
precipitated fractionally by baryum chloride, The second and third precipitates 
contain 19°08 and 18°7 °/, of Ba. The acid contained in the first salt after 
separation fused at 57°5° C.: that of the second salt fused at 52°5° C. 

The fatty acid seems to be impure stearic acid. The impurity seems to be 
an acid the lead soap of which is soluble in ether. It does not seem to be 
either palmitic or oleic acid, but a new hitherto unknown acid. When itis 
obtained in the free state after the manner prescribed by Gottlieb for oleic acid, 
it appears as a white gelatinous vibrating mass, which can be obtained crystal- 
lised in little needles from its alcoholic and ethereal solution. It contains 
neither nitrogen nor phosphorus, At higher temperatures it decomposes, 
yielding fluid acids. ) Ay 

When protagon is boiled for 12 hours in very dilute hydrochloric acid in the 
dark, white flakes and a yellowish fluid result. If these flakes be placed on a 
filter and washed until the water passes through opalescent, they resemble 
much the swollen protagon, but are much more transparent. Dissolved in 
alcohol and crystallised slowly, this matter deposits needles very similar to 
those of protagon. The alcoholic solution, when exposed to the rays of the 
sun, is decomposed, depositing a reddish brown powder, and assuming a 
reddish colour. The crystals contain no phosphorus. When more concen- 
trated, hydrochloric acid: is employed, a decomposition ensues which results 
in the production of smeary matters. 


KoEHLER’s research was published in the form of a dissertation, entitled : 

De Myelini quod vocant constitutione chemica disqu. Halae 1867. (German 
version in Virchow’s Archiv. Also more full and last publication: Chem. 
ihre 
Zersetzungs-producte. Halle, 1868.) 

The author hardened the brain as much as possible in alcohol at 35 to 45°, 
and thereby obtained a first alcoholic watery extract.. From this he obtained, 
by various operations, formic acid; a volatile fatty acid containing more than 
8 Cand Hatoms; lactic acid, inosite, hypoxanthine, kreatine (if the brain was 
human), albumen ; cholesterine, but no glycerophosphoric or stearic acid, and no 
neurine. Several of these matters were obtained by the agency of lead acetate 
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added to the solution, which produced a copious precipitate. Two cows’ brains AvP. No.5. 
gave 248 grains of this Pb precipitate. The precipitate was insoluble in water, On the Chemical 
ether, and alcohol, and could be boiled with these agents without apparent Constitution of - 
change. It was suspended in water, and treated with hydrothion ; the mixture on Tha 
filtered and the sulphide of lead extracted with boiling water. The extracts ~ ° . 
were evaporated to a syrup, and put in a cool place for some days. Crystals 
formed in the syrup, but could not be separated. Therefore, the whole was 
dissolved in boiling water, and mixed with four volumes of absolute alcohol. 
A white, powdery, yet adhesive, precipitate fell, which was recognised as Hypoxanthine 
hypoxanthine. The solution on standing deposited inosite. inosite. 

The solid brain matter which had thus been hardened in alcohol, and yielded Ether extract. 
to it some of its more soluble matters, was now exhausted with ether, in an 
apparatus surrounded with ice. The yellow, clear, transparent, ethereal 
extract was concentrated by distillation at 40° to one quarter, and then preci- Precipitation by 
pitated by absolute alcohol added gradually, until a filtered sample was not ™¢chol 
any longer made turbid by more alcohol. A white dhesive neutral substance 
was deposited, which the author termed myeloidine. 

It will be seen that this process is the same as that of Couerbe, and 
that thus far myeloidine is nothing but the cephalote of Couerbe. 

The myeloidine was washed with alcohol, and dissolved in water; the solu- Myeloidine. 
tion was filtered through a bag, and required constant stirring to get it through 
its meshes. The cholesterine contained in the myeloidine mostly remained in purification. 
the bag. To the thick turbid filtrate neutral lead acetate was now added, {ond salt 
which produced a copious precipitate. This was extracted with alcohol at 
30° to 35° C, and dried over H,S O,. It was next digested with ether, which 
extracted cholesterine and myeloidinate of lead (to be described below), it was 
further extracted with boiling ether. There remained a white salt msoluble in 
cold and boiling alcohol, and ether, which dried at 100° in the air bath, was 


anaiysed. ; Analyses. 
| C 48:11 49°66 —7 
Ebi 4ef 5G, 7," 65 — ! 
NOTE ie Le don Leading to formula Hieranies 
Pen S29: 322° 91 4 2°29 Cu Hig N P Pb Oy. 


Pb 22°02 21°81 20°37 | 
Oiwil6" 95. 1624960 J 


The free myeloidine was obtained from this lead salt by suspension in ether, Free myeloidine 

and treatment with dry hydrothion until a small portion of the lead salt by decomposition 
4 é 5 of Pb salt by 

remained undecomposed, (‘The wording suggests that an excess of hydrothion H?§ in ether. 
might have to be avoided.) The ruby-red solution was filtered from the 
sulphide of lead and mixed with alcohol, when it produced a white reddish 
precipitate, which was dried in vacuo, but apparently not analysed. 

Or the myeloidine lead was suspended in water, treated with hydrothion, By hydrothion in 
and the myeloidine extracted with ether. water. 

ae watery solution of myeloidine gave precipitates with tannin and metallic 
Salts. 

The Alcoholo-ethereal Mother Liquor, filtered from the myeloidine, was pre- Mother liquor. 
cipitated with hot alcoholic neutral lead acetate, and yielded a copious deposit. — 
The precipitate was filtered, washed with water, afterwards absolute alcohol, New lead salt 
and. dried in vacuo over sulphuric acid. It was a yellow, loose, easily powdered Soluble in ether. 
salt. On being digested with ether it dissolved, leaving a little myeloidine 
lead undissolved. ‘The solution was freed from ether, partly by distillation, 
partly in vacuo; and this resolution in ether was repeated until the solution 
remained quite clear, when it was precipitated by absolute alcohol. It was 
found to have the empirical formula C,,Hi;; Pb; N. PO,;, as derived from the Formula. 
following analyses : 


Mean. 
OC -30nk2” 35° ZL *85°49 35°54 Analyses, 
We 8°52” boar. .b 41 - bt 52 
ING a -— —_ 1°15 
lag 1°06 =1°13 — 1°09 
Pb 39°42 40°89 — 40°15 
O a — — 16°55 


Myeloidinate of lead. 
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The phesphorus was determined by the method of Carius. The salt, sus- 
pended in alcohol, was decomposed by hydrothion, until a minimum remained 
undecomposed, because, as the author says, an excess of hydrothion was hurt- 
ful. After evaporation of the filtrate from the sulphide of lead in vacuo, 
there remained a body free from lead, tallow-like, yellowish; fusing at 30°, 
fluid at 34°; soluble in ether, alcohol, and fatty oils, and having an acid 
reaction. This was termed myeloidinic acid. The theory of the free acid, 
after deduction of lead, is as follows: 


°/, in 100 of organic matter. 


C 59°38 





MW 9-22 
NS T*92 
Pl ee 
QO 27°65 

99°99 





The acid was insoluble in cold water, swelled at 45°; on long boiling in 
water it decomposed and dissolved. Its alcoholic solution was precipitated in 
white flakes by alcoholic ammonia; the same solution produced the original 
precipitate with lead acetate. Basic copper acetate produced a precipitate ; 
tannin a yellow precipitate, insoluble at 100°. Concentrated sulphuric acid 
produced a turbidity; the mixture after evaporation of alcohol left an oily 
body. Alcoholic baryum acetate produced no precipitate in its alcoholic 
solution. Myeloidinic acid is decomposed by hydrochloric acid ; when sepa- 
rated by this acid from lead salt it appears in the shape of swelled lumps. 

The author leaves it doubtful whether this acid is already formed in the 
brain, or produced by the chemical operations from a neutral substance. . 


Neurolic acid is stated by Kohler to be a decomposition or metamorphic 
product of myeloidine. It is obtained :— 


First process——Myeloidine lead is suspended in ether, and decomposed by 
hydrothion, and the mixture is evaporated. Alcohol is added, which leaves 
sulphide of lead behind on filtration (from this it appears that the free myeloi- 
dine is soluble in (hot?) alcohol T). The solution is again evaporated with 
water, and then leaves an oil and flakes. Or myeloidine lead is suspended in 
alcohol, treated with hydrothion, and the filtrate evaporated to a syrupy con- 
sistence on the water bath. 

Second process.—The ethereal extract of the brain is evaporated, and the 
residue boiled during three to four hours with alcohol of 85 °/, strength; the 
extract is allowed to cool and filtered ; the filtrate is precipitated by alcoholic 
lead acetate solution, and precipitate filtered off; the fluid (!) is now treated 
with hydrothion, and, after addition of some solid baryum hydrate, is evapo- 
rated to a syrupy consistence. After cooling the crystals, which consist of 
cholesterine and baryum acetate, are pressed between blotting paper; the 
syrup which creeps into the paper is dissolved in very little cold alcohol, preci- 
pitated with alcoholic solution of sublimate, and the precipitate dried in vacuo. 
It contains yet a little cholesterine. To remove this the precipitate is suspended 
in alcohol and decomposed with hydrothion; the cholesterine then crystallises 
out. . 

Neurolic acid is a viscid liquid, reddish, similar to ear-wax, and does not 
become solid at 12°. It is soluble in water, alcohol, ether, ethereal and fatty 
oils, even in the cold. The solutions have an acid reaction, and are easily 

Itered. When warmed with water on the water-bath it decomposes, and after 


_ evaporation of all watera residue of grey flakes remains, which become violet 


under the influence of sulphuric acid and iodine. Continued boiling with 
caustic potash or baryta water decomposes neurolic acid. Acetic and dilute 
mineral acids do not affect neurolic acid ; by concentrated acids it is destroyed ; 
concentrated sulphuric acid changes it into a red oily viscid mass. The 
alcoholic or watery solutions of neurolic acid are made turbid by addition of 
the acetates of ammonia, lead, copper, baryum, zinc, and of chloride of iron ; 
they are, however, precipitated by both sublimate and tannin ; the mercury 


3 


x 
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precipitate is white, the tannin precipitate yellow; both are voluminous and App. No. 5. 


insoluble on boiling. , On the Chemical 
Calculated formula Cro He P Oy. Constitution of 
the Brain, by 
C 66—60°9 Dr. Thudichum, 
H 9°81-—9'9—9:97 
Pas 2°97, 


Another compound obtained by Koehler is erythrostearic acid with lead Erythrostearic 
= Cy; Hi» N P. Pb; Ow. It is soluble in ether, but is still less defined than the ®¢!4 
foregoing very doubtful products, which do not appear to me to admit of any 
approach to identification. 


Myelomargarine.—The brain substance, which had been exhausted as above Myelon 
with cold ether, was now boiled during two hours with alcohol; the filtrate Durifcd. 
was allowed to cool and deposit, and the precipitated white matter was com- 
pletely freed from cholesterine by washing with ether. The matter was now 
foiled with alcohol containing sulphuric acid (!) and filtered boiling ; calcium 
and sodium sulphates remained on the filter, and the solution on cooling and 
standing again deposited the white matter. This was again filtered, digested 
with cold ether, dried in vacuo, dissolved again in alcohol, and the alcoholic 
boiling solution filtered into alcohol containing ammonia. A powdery com- 
pletely white ammonia salt fell, which was isolated and dried,. stirred with 
water, decomposed by hydrochloric acid, washed with water, dried, washed 
with cold ether, and ultimately repeatedly crystallised from hot ether. 

Characters :—Free from nitrogen and phosphorus. 

Formula —C, Piss Q; or Ci, Hs O,, H, O. 








Required. Found. 
C 63°75 64°05 —63°85 Analysis. 
tf 1125. 11°21-—11°09 
QO 25°00 

100°00 





White soft powder, fatty to touch, soluble on warming in water, alcohol, Properties. 
ether, ethereal and fatty oils, separating from the solution on cooling. Not 
changed at 150°, becoming yellow above 150°, at 185° reddish without fusing. 

Heated on platinum, fuses to a reddish oil, burns with a lighting flame, and 
leaves an easily consumed charcoal. 

The solutions of myelomargarine are neutral, and are precipitated only by 
basic acetate of lead (not by alcoholic solution of neutral acetate, which the 
author says is an important distinction from myeloidine, which is so precipi- 
tated) : [and from the cerebrine-bodies, which are also so precipitated.—T. 
its alcoholic solution is further precipitated by basic copper acetate and platinic 
chloride ; the latter precipitate is soluble on boiling. The other precipitates 
are insoluble in hot water. Other mineral salts give no precipitates. ‘l'annin 
also gives a precipitate which is insoluble in hot water. Concentrated mineral 
acids destroy myelo-margarine. Potash, ammonia, and baryta water form 
with it insoluble compounds. When mixed with cholesterine it yields the 
microscopic forms termed myeline. 

From these data it is evident that Koehler completely failed in isolating any 
of the immediate principles of the brain which I have described as the 
cerebrines, phrenosines, and kerasines. Cerebrine contains nitrogen, fuses 
and blackens below 100°, and is in many other respects so different from 
myelomargarine that the two bodies could not have been mistaken for each 
other. But it is probable that Koehler decomposed the cerebrine and other 

‘bodies by boiling with sulphuric acid in alcohol, and that his substance is a 
metamorphic product. 

The next investigation we have to notice is by Otto (Chem. Centr. Bl. 12 Otto’scerebrine. ° 
1022, 1867). Ox brain was rubbed with water to a thin paste, pressed through Miiller s process, 
a cloth, mixed with excess of lead salt, after 12 hours’ standing rubbed 
through a sieve and boiled. The coagulum was pressed, repeatedly treated 
with hot alcohol, and pressed; the alcoholic extracts, after cooling, were 
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decanted from the precipitate, and the latter exhausted with ether. The matter 
insoluble in ether was again dissolved in hot alcohol; the deposit which had 
formed after 24 hours was again dissolved and mixed with baryta water, the 
fluid was filtered hot from the plaster-like precipitate, and on cooling deposited 
cerebrine as a transparent mass, which was first dried over H, S O,, next at 
50° to 70°. ‘This cerebrine contained no ash, no nitrogen nor phosphorus, and 
on analysis gave— 





C 67°2 67°6 67°8 67°8 Mean 67°6 
HiT 1D-3 10°9 Jil kt 
O a é : - % . - - 21°3 

100°0 


These quantities divided by the atomic weights lead to 


C 5°63 x 3= 16°89 
Fe 120-0 a a0 
Cat so meg 


Divided by oxygen as one, 


O ncdoiy id= ee 
C 423°, 55, 16°92 
H 8°35 599 99 99 33°40 — to Ci, He Oj: 


Mueller’s cerebrin, Ci, Ha N O3. 
Koehler’s myelomargarine, C,, Hs; 0; = Ci; Hs, O, + H, O. 


Heated in a sealed tube with water to 130°, it became a pasty mass. This 
again dried at 100°, was entirely soluble in absolute alcohol, and deposited in 
the original form and composition, analysis giving C 67°2,H 11°3°/,. Heated 
during 12 hours with hydrochloric acid, it yielded a matter similar to fat, 
soluble in ether and alcohol, and deposited from the alcoholic solution as a 
gelatinous mass, which contained 71°2°/, C and 12°2°/, H. The mother 
liquor contained a body which fused at 66°, and contained 81°3 °/, C and 
13°3°/, H. The hydrochloric acid fluid, separated from the fat-like matters, 
was evaporated over H,S O, and caustic potash, and yielded a syrup which 
could not. be obtained colourless, showing traces of crystals ; reduced alkaline 
copper solution, was precipitated by basic lead acetate (this precipitate became 
red on warming), and contained 41°7 °/, C and 7°32 °/, H. Koehler examined 
some cerebrine prepared by Otto, and reports it to be easily soluble in the cold 
in alcohol, ether, and turpentine; in fatty oils, chloroform, benzine, and 
glycerine soluble only on boiling; deposited on cooling from benzine and 
glycerine. Fuses a little above 150° and becomes yellow, after which it does 
not swell any more with water. Neutral reaction. With Hy S Q, gives violet 
solution, and is destroyed. Dissolves in concentrated H N O;, without red 
fumes. H Cl acts slowly, acetic acid not at all. Its alcoholic solution is pre- 
cipitated by picrino-nitric acid, yellow; by silver nitrate in white flakes, which 
slowly darken. Both these precipitates are insoluble on boiling, and bake 
together. Basic copper acetate, bluish white; stannous chloride, white; both 
the latter insoluble on boiling. Palladium chloride, white flaky precipitate, 
soluble on boiling. No precipitates are obtained by the acetates of baryum, 
mercury, and zinc, or by iron salts. 


The next researches on the phosphorised matters were made by D1iAaKoNow 
(Centr. bl. No. 1, 1868).—Pure lecithin is a yellowish white waxy, in thin 
layers, silky, highly hygroscopic matter, soluble in ether and alcohol, swells in 
Heated, it burns 
completely, leaving phosphoric acid. It contains— 

C 64°27 °/, 
Hib er ye 
Mer Ter Ys 
Pg oe); 
These numbers lead to the formula Cy Ho N PO, + aq. 
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When heated in a solution of caustic baryta, stearate of baryum is given off App. No. 6. 
in granules at the moment of ebullition, and the clear fluid contains glycero- 6. tne Chemical 
phosphate of baryum and trimethyl-oxaethylammonium oxyde hydrate (neurine). Constitution of - 


7 SFO eae the Brain, by 
hese are the only three products of decomposition De Phateeah 


Glycerophosphorie Stearic 
Acid. Acid. 
Ce HH, ro. a 2 (O15 He; O,) ar C, Ee NOS — 3 O Hs = OnE NPO 


Neurine. Lecithine. 


Type.—Glycerophosphoric acid is an anhydrohydrate, with four extra-radical Type. 
replaceable H atoms— | 


H, 10, 
Shae SO 
Hy. <0; 


The other two hydrogen atoms have remained from the phosphoric acid, and 
are therefore easily replaced by bases. In placing, in licu of the first two 
hydrogen atoms in glycerophosphoric acid, the radical stearic acid twice, and 
once the radical of neurine in lieu of one hydrogen, we obtain— 


2 (Cis Hi; O.) } 
C, H O; 


PO i O | css Cu Ho N PO; 
| 


C,H, NO | 
Bee alae 


This compound must yield by caustic alkali stearate, and glycerophosphate 
and neurine. Lecithin, therefore, is a compound of an acid ether (the glyceride 
distearine), with an acid salt (acid phosphate of trimethyloxaethylammonium), 
forming an anhydride molecule. Its name might be Distearyl-glyceryl-phos- 
phate of trimethyloxaethylammonium. 
In a subsequent paper (Centr-bl. No. 7, 1868) Diakonow makes more 
explicit statements, and describes his mode of preparing the body, which was 
omitted in the first communication. | 
Brain (cow) was extracted repeatedly with ether, the residual matter treated Diakonow on 
with alcohol at 40°, and the alcohol extract cooled to 0°; the precipitate which See Ge 
formed was filtered off, washed with a little ether and cold absolute alcohol, ; 
and again extracted with ether; a portion of the matter dissolved in ether, 
another remained insoluble (Protagon); this was repeatedly extracted with 
ether at the ordinary temperature; from all these extracts the ether was dis- 
tilled off; the residue dried at 40° and dissolved in a minimum of absolute 
alcohol. On cooling the solution to 7° a white substance was deposited, which 
had the composition and properties of lecithin. | 
Amorphous not pulverisable, hygroscopic, swelling in water; forming an 
emulsion with it on shaking; leaves when burned phosphoric anhydride. 
Boiled with alkaline earths yields gycerophosphate and stearate, with neurine. 


It yielded P,O; 7°83 °/, — 7°89°/.. 
N 1:85.92. 
Lecithine Cy Ho N P O, and aq. requires 
P, O; 8°378 °/.. 
N As7)°,, 


Protagon is declared to be a body free from phosphorus, containing lecithin e. 
Lecithine is easily precipitated from solutions in which other precipitates form 
For this reason the cholesterin from brain, and the lactates from muscles, con- 
tain phosphorus. The crystalline precipitates, containing phosphorus, which 
Hermann obtained from blood corpuscles, Fischer from pus, Kihne from ex- 
tract of eggs, are declared to be protagon. Kdéhler’s myeloidin and myeloidinic 
acid are all but impurities mixed with lecithin. So says Diakonow. 

Protagon should yield 3°428 °/, P,O; while after exhaustion it yields 
2°34 °/,. Re-crystallised from warm alcohol it loses still more phosphorus; a 
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body passes into the alcohol which, burned with nitre and soda, yields 7°4 °/, 


P, O;. Protagon, treated with bhch warm water, and. extracted outs ete 
lost phosphorus until it yielded only 1°5 °/, P, Os. 


Protagon boiled with baryta water, and the white precipitate exlinted with 
hot alcohol, yields a great quantity of a matter which is deposited on cooling. 
This is neutral, swells in hot water, dissolves in hot alcohol and ether, but not 
in cold. On burning it leaves no ash, unless too much alcohol had been used, 
and boiling continued too long. Further boiling with baryta water does not 
change the matter. Treated with sulphuric acid, it reduces copperoxyde. ‘The 
white precipitate contains a haryum soap and glycerophosphate ; 3; it is therefore 
clear that of the protagon only the lecithin is decomposed, while the glucoside 
remains unchanged. In this way it is intelligible how Liebreich could once 
obtain sugar. Frémy and Bibra described the body ; Miiller has described 
the body, obtained it pure, and termed it Cerebrin. 


The following research, though made on eggs, bears upon our subject. 

STRECKER (Sitz. Ber. d. Acad. d. W. Munchen, 1869, 2, 269), after some 
allusion to previous, authors, described the manner in which he isolated leci- 
thine from yelks of eggs. He treated them with a mixture of alcohol and 
ether, distilled the ether off, added spirit as long as oil continued to be preci- | 
pitated, and then an alcoholic solution of Pt Cl, acidulated with HCl. A 
precipitate of lecithine chloride + Pt Cl, ensued, soluble in ether, chloroform, 
sulphide of carbon, and benzole. It was purified by solution in ether, and 
precipitation with alcohol. Dried in vacuo over H, S O,; at 100° it blackened 
and lost weight to 5°] °/,.. Cadmium-chloride gave a similar precipitate, little 
soluble in alcohol or ether, or their mixture, easily soluble in alcohol and 
HCl. According to Strecker the metals can be easily removed from the solu- 
tions of these compounds by hydrothion. The solution filtered from the 
sulphide being treated with a current of C O, and evaporated, leaves lecithine 
hydrochlorate as a waxy mass. The H Cl can be removed by silver oxyde; the 
excess of the latter by H, S. 


By boiling baryta water, a spirituous solution of lecithine hydrochlorate is 
decomposed, and yields baryum salts of fatty acids, of glycerophosphoric acid, 
and choline hydrochlorate. The Pt salt has the formula C,. Hs; N POs Cl 
ptCl,. Carbon and hydrogen were found generally higher; platinum and 
chlorine much lower than corresponds to this formula. The cadmium chloride 
salt, did not admit of a definite formula, its cadmium varying between 13 and 
Pies 

The formula Cy. Hs, N P Oy Strecker derives, as follows, from the decom- 
position products :— 

C; H, PO, + C; His N O2 + Cis Ha, O2 + Cis He, O, — 3 H,O = 
Rpached eamrenl aay, al A capitate aah na JENS a A yap 
Glycerophos- Cholin. Oleie acid. Margaric 
phorie acid. acid. 
Cy. Hs N POs 
Ww —--— = 
Lecithine. 


Lecithine combines with pt Cl, H Cl and with Cd Cl, like organic bases; but 
also with oxydes of. metals, as silver oxide (Ag,O). Its solution in ether- 
alcohol gives a crystalline precipitate with alcoholic potash solution. It is 
therefore a base, an acid, and a‘fat. To prove this by analogies Strecker enters 
into some theoretical considerations which are of interest, though of subordi- 
nate value for the present purpose. 


In this research it is rather assumed than proved that the phosphorised body 


- of brain-matter is identical with that from eggs. On the other hand, it is 


certain that the great bulk of phosphorised bodies from the brain is not iden- 
tical with lecithine, as their metallo-chlorides observe an entirely different 
bearing with hydrothion from that which Strecker describes for his lecithine 
metallo chlorides. 


The principal progress in this research of Strecker concerns the introduction 


as isolating agents of the chlorides of platinum and cadmium ; but the details 


~ 


QA5 


were insufficiently elaborated, and the cohesion of the parts was rather guessed 
than proved. . 


BAEYER produced (Ann. Chem. 140, 306), neurine by Liebreich’s process, 
purified it by adding to its hydrochloric acid solution phosphorowolframic 
acid ; the precipitate which fell was washed, and decomposed with baryta 
water, and the resulting liquid, after removal of the baryta and addition of 
hydrochloric acid, was evaporated to a syrup. ‘The hydrochlorate of neurine 
thus obtained is yet coloured, even though by fractional precipitation with 
phosphorowolframic acid the impurities which fall down with the first preci- 
pitates have been removed. 

The best method of purification consists in transforming it into the platinic 
compound. Several analyses of different preparations led to discordant results, 
indicating substances of the following formule :— 


WC, Oe pe OH 
2. N C; Has Cl, pt Cl, 
3) NG, (EL pt Cl, 


(The small pt indicates an equivalent, = 4 atom of Pt.) 


A special examination of neurine yielded as a result that it is probably a mix- 
ture of two different bases, the platinic compounds of which have the com- 
positions of the above salts 1 and 2. It is questionable whether the third base 
also occurs in neurine ; the analysis of a preparation speaks for the assump- 
tion, as also the circumstance that the hydrogen in No. 2 is always found 
somewhat too high. 


When a most concentrated solution of neurine hydrochlorate is mixed with 
several volumes of concentrated hydriodic acid and a little phosphorus and heated 
in a sealed tube to 120-150° during some hours, then after cooling the tube a 
considerable quantity of large colourless prismatic crystals is obtained. After 
recrystallisation from hot water these crystals gave analytical results leading 
to the formula NC; H,; f.. 








Found. Calculated. 
C 17°65 17°59 
H 3°94 3 81 
N 4°10 4°10 
E 74°26 74°48 


Easily soluble in hot water, difficultly soluble in cold, erystallising on cool- 
ing in heavy, shining, imperfectly-formed crystals, which are somewhat similar 
to potassium iodide. From their solution caustic potash precipitates white 
flakes, which become crystalline. The iodine is contained in this compound in 
two formis; nitratejof silver precipitates only one iodine from the solution in 
water, whilst a base containing iodine remains in solution. On long heating, 
however, the second iodine is also precipitated. ii 


Freshly precipitated chloride of silver digested in the cold with the watery 
solution of the compounds replaces only one iodine by chlorine. The liquid 
filtered from the silver iodide, on addition of platinic chloride, yields a heavy 
yellow precipitate, consisting of small octohedric crystals. They are but little 
soluble in water, and have the formula 


N C; Hi; I Cl pt Cl,. 
Found. Calculated. 
C 14°4 14°32 
H eo 3°10 
LC) > 56°4 55°08 
pt 2375 23°50 


This compound, therefore, contains an iodised base. 


Digested warm with freshly precipitated silver oxyde, the iodide loses both 
atoms of iodine, and yields a base, which treated with hydrochloric acid and 
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platinic chloride gives a very soluble compound, and in all respects like the 


neurine compound. On analysis, however, it constantly yields results — 


corresponding to the formula Nz Cj Hys O Cl, pt, Cli. 





Found. Calculated. 
Ce, 49°97. 20°00 
H 4°49 4°35 


pt 32°84 to 32°64 32°83 


A. W. Hofmann obtained, by treating a watery or alcoholic solution of 
trimethylamine with ethylene bromide by a simple combination of both bodies 
a substance NC, Hi; Br. ‘this, by treating with nitrate of silver, loses one 
bromine, the filtrate gives with pt Cl,= N C,H; BrCl, pt Cl,, difficultly 
soluble in cold water ; oxyde of silver takes out both atoms of bromine, and 
the solution is alkaline, and contains neurine. ‘Thus this compound is 
analogous to the above No, I compound. 

Now, whereas neurine treated with hydriodic acid yields the compound 
N C,; Hi; 1,, which is really trimethyl-iodoethyl-ammonium iodide (N (C Hs)s 
(C, H,I) I, neurine must be either trimethyl-vinyl-ammonium-oxydehy- 


_drate, (N (C Hs)s (C. Hs) HO, or trimethyl-oxethyl-ammonium-oxy dehydrate, 


N (C Hs) 5 (Ce Hy (H0))HO. As the analyses of the platinum salts do not 
agree, it is probable that they are mixtures of both bases, which can yield the 
combination N C;H,;l. either by directly taking up HI or by separating 
water. Free neurine dissolved in water easily decomposes, yielding trimethyl- 
amine. It is therefore to be expected that some of the trimethylamine found 
in animals and plants during life and after death may be due to a decomposition 
of neurine. 
The group oxethyl also occurs in taurine. 


Choline from bile seems identical with one of the bases from neurine. 


"he following observations prove that a base derived by decomposition from 
an ingredient of mustard, sinapine, is identical with the base derived from 
brain matter. They were made by A. Cuauss and C. Kusse. (Journ. pr. 
Chem. 102 (1867) 24.) 


Sinkaline was discovered by Von Babo and Hirschbrunn (Ann. Chem. 84, ~ 


10) as a product of decomposition of sinapine. This base the authors only 
saw, as prepared by the discoverers, but did not themselves prepare it. ‘They 
made, however, a quantity of neurine. 

The brain, after being stirred and ecomminuted with water, was extracted 
with a mixture of about equal volumes of alcohol and ether, because it was 
found that this solvent separated quicker from the brain matter after stirring 
with water than pure ether, and further, because they believe that ether alone 
yields ultimately less neurine (2.e., dissolves less myeline and lecithin). The 
alcoholo-ethereal extract was immediately mixed with concentrated baryta water, 
and distilled during 24 hours. This process yielded more neurine from eignt 
calves brains than Dybkowsky’s process from 18. The watery solution was 
then treated with carbonic acid, the filtrate evaporated to a syrup, the latter 
exhausted with alcohol; the alcoholic solution was acidified with hydrochloric 
acid, and mixed with alcoholic solution of platinum chloride. A copious 
yellow precipitate fell in cheesy lumps. (The addition of ether to the mother 
liquor causes a further precipitate according to Dybkowsky, but according to 
the authors this (ether produced, Th.) precipitate contains little or nothing of 


the neurine compound). The precipita 


and on slow evaporation of the water a mass 18 obtained which is more or less” 


crystalline, and seems essentially to consist of three different substances. The 
platinic salt of neurine is present in quantity, and is separated from the two 
other bodies by fractional solution, one body being easily soluble in cold waiter, 
tke other almost insoluble in it (so that platinic neurine seems to have an 
intermediate solubility, Th.). rt 
The body nearly insoluble in cold water dissolves in water on long boiling, 
and is again deposited on cooling, 0: 
combustion, the authors suspect it to be potassium or ammonium platinic 


chloride, 


te is almost completely soluble in water 


Though it contains carbon, visible on 
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The neurine-platinic chloride dissolves in cold water, but not easily, quickly 
however in warm water, and is obtained from the solution in different forms. 
On cooling a hot saturated solution small needles are at first deposited ; on 
evaporating the mother liquor over sulphuric acid thick columnar crystals are 
formed, and ultimately on exsiccation a mass of confused crystals is obtained 
which resembles nitrate of urea. If a small quantity of free platinic chloride 
be added to the solution rhombic prisms are formed. 

The auric chloride of neurine (and sinkaline) crystallises from hot water on 
cooling in yellow needles, later on in yellow scales. On heating the salt the 
smell of trimethylamine is observed, 
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